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LETTER 


TO 


Dr  BREWSTER  from  Mr  WATT. 


DxAB  Sir, 

At  your  request*  t  have  carefully  perused 
my  late  exceDent  friend  Dr  Robxson's  articles  "  Steam" 
and  **  Steam-Enginesy"  in  the  Encyclopasdia  Britannica, 
and  have  made  remarks  upon  them  in  such  places  whcr^ 
^tfier  from  the  want  of  proper  information,  or  from  too 
great  a  reliance  on  the  powers  of  his  extraordinary  memory^ 
at  a  period  when  It  probably  had  l%en  weakened  by  a  long 
state  of  acute  pain,  and  by  the  remedies  to  which  he  was 
obliged  to  have  recourse,  he  bad  been  led  into  mistakes  ia 
D^gard  to  &ctd}  and  also  in  some  places  where  his  deduc- 
tions have  appeared  to  me  to  be  erroneous. 

There  had  been  but  very  little  interchange  of  letters 
between  us  for  some  years  previous  to  his  writing  those 
articles,  and  our  opportunities  of  meeting  had  been  rare, 
and  of  short  duration,  and  not  occupied  by  philosophical 


av 


Jiscussions.  Hotl  I  been  apprised  of  his  design,  1  might 
at  Jeafi.1  have  prerenled  tho  errors  respecting  die  facts  in 
which  I  was  cooccmed;  but,  upon  the  whole,  it  is  more 
surprising  to  ine  that  his  recollection  should  have  6crved 
liim  so  well  in  narrating  transactions  of  30  years  standing, 
than  that  it  should  somclimes  have  led  him  astray.  If  I 
bad  not  retained  some  memorandums  made  at  the  time  of, 
or  soon  after,  their  occurrence,  I  should  myself  have  felt 
great  difficulty  in  recalling  to  mind  the  particulars  at  the 
period  when  I  first  perused  those  articles,  which  was  some 
time  after  their  publication.  I  had  about  that  period  an 
opportunity  of  personally  stating  to  Dr  Uodison  some  re- 
marks upon  them,  of  which  he  availed  himself  to  a  small 
extent  in  the  Supplement  to  the  Encyclopiedia  Britannica^ 
and  probably  would  have  done  so  still  more,  had  he  been 
called  upon  to  remould  these  articles. 

I  have  endeavoured  to  throw  most  of  my  corrections 
into  the  form  of  notes ;  but  in  some  places  I  judged  it 
necessary  to  alter  the  text;  which  alterations  I  have  mark- 
ed to  be  printed  in  Italics,  that  they  may  be  readily  distin- 
guished from  the  original.  In  a  few  places  I  have  cancelled 
part  of  the  text  without  any  substitution,  none  appear- 
ing to  me  to  be  required.  In  others  I  have  left  part  of  the 
reasoning  unaltered  which  I  did  not  concur  in  ;  as  in  mere 
matters  of  opinion,  where  no  manifest  error  was  involved, 
I  did  not  conceive  it  proper  to  introduce  my  own  specu- 
Litions. 

As  the  fiobjects  of  Steam,  and  Steam- Engines,  had  been 
almost  dismissed  from  my  mind  for  many  years  previous 
to  my  undertaking  this  revision,  I  hjve  culled  in  the  aid  of 
my  friend  Mr  John  Southern,  and  of  my  son,  whose 
daily  avocations  in  the  manufacture  of  steam-engines,  ren- 
der them  more  conversant  with  some  points,  to  direct  my 
attention  lo  them ;  and  of  the  former,  to  examine  such  of 
the  algebraic  formulas  as  appeared  essential,  an  office  for 


which  be  is  much  better  qualliied  than  myself;  and  lie  has 
accordingly  marked  those  formulae  with  his  iniiiala. 

1  have  not  attempted  to  render  Dr  Robison's  memoir 
a  complete  history  of  the  Steam-Engine ;  nor  have  I  c^'ea 
given  a  detaitid  account  of  my  own  improvements  upon  iL 
The  farmer  would  have  been  on  imdertakiuf;  beyond  my 
present  powers,  and  the  Jalter  must  much  hove  exceeded 
the  limiti  of  a  commentary  upon  my  friend's  work,  1  have 
tlierefore  confined  myself  to  correcting  such  parts  as  ap- 
peared Deccbsnr}',  and  to  adding  such  matter  as  he  had  not 
jm  opportunity  of  knowing. 

Here  it  was  my  intention  to  have  closed  this  letter ;  but 
the  representations  of  friends,  whose  opinions  1  highly 
value»  induce  me  to  avuil  myself  of  this  opportunity  of 
noticing  an  error  into  which  not  only  Dr  Robison,  but 
appcrently  also  Dr  Black,  has  fallen,  in  relation  to  the 
or^m  of  my  improvements  upon  the  Steam-Engine,  and 
which  not  having  been  publicly  controverted  by  rac,  has, 
1  am  informed^  been  adopted  by  ahnost  every  subsequent 
writer  upon  the  subject  of  Latent  Heat. 

Dr  RoBisOK,  in  the  article  Steajn-En;a:ine,  after  pass- 
ing an  encomium  upon  me,  dictated  by  the  partiality  of 
friendship,  qualifies  me  as  the  *'  pupil  and  intimate  friend 
of  Dr  Black*,"  a  description  which,  not  being  there  ac- 
companied with  any  inference,  did  not  particularly  strike 
me  at  the  time  of  its  first  perusal.  He  afterwards,  in  the 
dedicoLiom  to  mc  of  his  edition  of  Dr  Black's  Lectures 
upon  Chemistry,  goes  tlie  length  of  supposing  me  to  have 
proleated  to  owe  my  improvements  upon  the  Stcam^Ln- 
ginc  to  the  instructions  and  information  I  had  received 
from  that  gentleman,  which  certainly  was  a  misapprehen- 
sion, as,  though  I  have  always  felt  and  acknowledged  my 
oblfgatioTts  to  him  for  the  infbrmation  I  had  received  from 
his  converKaiion,  and  pariiculnrly  for  the  knowledge  of 
the  doctrine  of  Latent  Heat,  I  never  did,  nor  couid^  con- 


wum 


^ 
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iider  my  improvemeDU  as  originating  in  tliose  comma- 
Tiicaiions.     He  h  also  mistaken  in  his  assertion,  p.  6  of 
the  Preface  lo  tlic  above  work,  that  *'  I  had  attended  two 
"courses  of  the  Doctor's  Lectures;"*  for,  unfortunately 
for  niC)  the  necessary  avocations  of  my  business  prevented 
le  from  attending  his  or  any  other  lectures  at  College; 
'and  as  Dr  Rodison  was  himself  absent  from  Scotland  for' 
four  years  at  the  period  referred  to,  he  must  have  been 
'inialed   by   erroneous  information.      In   page    1S4   of  the 
Lectures,  Dr  Black  says,  •*  I  have  the  pleasure  of  think- 
"  ing  that  the  knowledge  we  have  acquired  concerning 
**  ihc  nature  of  elastic  vapours,  in  consequence  of  my  for- 
*•  tunatc  observation  of  what  hnppens  in  its  formation  and' 
'**  condensation,  has  contributed  in  no  inconsiderable  d( 
"  gree  to  the  public  good,  by  suggesting  to  my  friend  Mr 
*•  Watt  of  Birmingham,  then  of  Glasgow,  his  improve-, 
•'  ment  on  this  useful  engine,"  (meaning  the  steam-engine 
of  which  he  is  then  speaking).     There  can  be  no  doubt, 
firom  what  follows  in  his  description  of  the  engine,  and 
from  the  very  honourable  mention  which  he  has  made  of 
me  in  various  parts  of  his  Lectures,  that  lie  did  not  mean 
to  lessen  any  merit  that  might  attach  to  me  as  an  inventor; 
but,   on  the  contrary,    he  always  was  disposed  to  give 
me  fully  as  much  praise  as  I  deserved.     And  were  that 
otherwise  doubtful,  il  would,  1  think,  be  evident  from  the 
following  quotation  from  a  letter  of  his  to  me,  dated  15th 
Ftbruary,  1783,  where,  spcukirig  of  an  intended  publica- 
tion by  a  friend  of  mine  on  subjects  connected  w'itlt  the 
hibtory  of  steam,  he  says,  "  I  think  it  is  very  proper  for 
"  you  to  give  him  a  short  account  of  your  discoveries  and 
**  speculations,  and  pariiculurijf  to  assert  ciearitf  end  JnUy 


•  ItepMled  Morc  in  detail,  ^wJlh  llic  tame  erruiieou*  inferences,  in  fcil 
HOtP«  VOUI.  p.  604. 


i»HMH^H*«il^H^A 


vn 

**  yauT  toh  right  to  the  honour  of  the  improvements  of  the 
**  Steam- Engine  ;**  and  in  «  written  tcAtimonial  which  he 
very  kindly  gsve  on  the  occnsion  of  a  trial  at  law  fl|rajnitt 
a  piracy  of  my  invention  in  I7!>'^7»  after  giving  u  short 
account  of  the  invention,  he  adds,  **  Mr  IVntf  wu>  the  sole 
"  invtntor  of  the  capital  intprovetnent  and  contrivance  above 
•*  menthtted** 

Under  this  conviction  of  his  candour  and  friendship,  it 
is  »ery  painful  to  ine  to  controvert  any  assertion  or  opinion 
of  my  revered  friend  ;  yet  in  the  present  case  I  find  it  nc- 
csesary  to  say,  that  ho  appears  to  mc  to  have  &IIcn  into  on 
erzofy  and  1  hopv,  in  addition  to  my  aAsertion,  to  make 
that  appear  by  the  short  history  I  have  given  of  my  inven- 
tion in  my  notes  upon  Dr  Rouison's  essay,  as  well  as  by 
the  following  account  of  the  state  of  my  knowledge  previous 
to  Biy  receiving  any  explanation  of  the  doctrine  of  Latent 
Heat,  and  also  from  that  of  the  facts  which  principally 
guided  me  in  the  invention.  ^^ 

rit  was  known  very  long  before  my  time,  that  steam  was  ^H 
condensed  by  comin;^  into  contact  with  cold  bodies,  and  ^^ 
that  it  communicated  hent  to  them.  Witness  tlic  common  r^J 
•tiii»&c.&c  m 

II  was  known  by  some  experiments  of  Dr  Cullek,  and 
others,  that  water  and  other  liquids  boiled  in  vacuo  at  very 
low  heats;  water  below  100®. 

It  was  known  to  some  philosophers,  that  the  capacity  or 
equilibrium  of  heat,  as  we  then  called  it,  was  much  smaller 
in  mercury  and  tin  than  in  water. 

It  was  also  known,  that  evaporation  caused  (he  cooling 
of  the  evaporating  liijuid,  and  bodies  in  contact  with  it. 

I  had  myself  made  experiments  to  determine  the  follow- 
ing fact$« 

Is^t  The  capacities  for  heat  oF  iron,  copper,  and  some 
sorts  of  wood,  comparatively  with  water.  Similar  experi- 
mcnis  bad  also  subsequently  been  made  by  Dr  laviNEy  on 
ihcsc  and  other  metuls. 


VlU 


2f/)  llie  bulk  of  sUam  was  compared  with  that  of  water. 

Sdf  The  quantity  of  water  which  could  be  evaporated  in 
a  certain  boiler  by  a  pound  of  coals, 

4th,  The  elasticities  of  steam  at  various  temperatures 
greater  than  that  of  boiling  water,  and  an  approximation 
to  the  law  which  it  followed  at  other  tempiTatures. 

jM»  How  much  water,  in  the  form  of  steamj  was  requi- 
red every  stroke  by  a  small  Newco.mkn*«  engine,  with  a 
wooden  cylinder  six  inches  diameter,  and  twelve  inchefi  long 
in  the  stroke. 

€ih^  I  bad  measured  the  quantity  of  cold  water  required 
in  every  stroke  to  condense  the  steam  in  that  cylinder,  so 
as  to  give  it  a  working  power  of  about  7  lb.  on  the  inch. 

Here  I  was  at  a  loss  to  understand  how  so  much  cold 
water  could  be  heated  so  much  by  so  small  a  quantity  in  the 
form  of  bteam,  and  applied  to  Dr  Black,  as  is  related  in 
tbe  short  history,  p.  116,  Note,  and  then  first  understood 
what  was  called  Latent  Heat. 

But  this  theory,  though  useful  in  determining  the  quan- 
tity of  injection  necessary  where  the  quantity  of  water  eva- 
porated by  the  boiler,  and  used  by  the  cylinder,  was  known, 
and  in  determining,  by  the  quantity  and  heat  of  the  hot  wa- 
ter emitted  by  Ncwcomen*s  engines,  the  quantity  of  steam 
required  lo  work  them,  did  not  lead  to  the  improvements  I 
afterwards  made  in  the  engine.  These  improvements  pro- 
ceeded upon  tlie  old-established  fact,  that  steam  was  con- 
densed by  the  contact  of  cold  bodies^  and  the  later  known 
one,  that  water  boiled  in  vacuo  at  heats  below  100'^,  and 
coosequeutly  that  a  vacuum  could  not  be  obtained  unlev 
the  c}'Jinder  and  its  contents  were  cooled  every  stroke  to 
below  that  heat. 

Thciie,  and  the  degree  of  knowledge  I  possessed  of  the 
■lirtidtiea  of  steam  at  ^"^rioits   beats,  were  the  prindpai 
it  woa  ncceuary  for  me  to  consider  in  contriving  the 
engine.     They  pointed  out  that,  to  avoid  useless  con- 


tion,  the  t^sscI  in  which  the  iteam  acted  upon  the  pis* 
ton  ought  always  to  be  as  hot  as  the  steam  itielf;  (hat  to 
obUhi  a  proper  degree  of  exhaustion^  the  tteam  must  be 
condensed  in  a  separate  vessel,  which  might  be  cooled  to  as 
W  a  degree  as  was  necessary,  wilhout  affecting  the  cylin- 
der; and  that  as  the  air  and  condensed  water  could  not  be 
blown  out  by  the  steam  as  in  Newcomen's,  they  must  be 
extracted  by  a  pump,  or  some  other  contrivance ;  that,  in 
o^er  to  prevent  the  necessity ^f  using  waler  to  keep  the 
piiton  air-tight,  and  also  to  prevent  the  air  from  cooling 
.  llie  c)-linder  during  the  descent  of  the  piston,  it  was  ncces- 
aiy  to  employ  steam  to  act  upon  the  piston  in  place  of  the 
atmosphere.     Lastly,  to  prevent  the  cylinder  from  being 
cooled  by  the  external  air,  it  was  proper  to  inclose  it  in  a 
«w  containing  steam,  and  again  to  inclose  that  in  n  case  of 
*ood,  or  of  some  other  substance  which  transmitted  beat 
llowly. 

Alihough  Dr  Black's  theory  of  latent  heat  did  not  stig- 
g*  my  improvements  on  the  steam-engine,  yet  the  know- 
'^e  upon  various  subjects  which  he  was  pleased  to  com- 
niunicate  to  me,  and  the  correct  modes  of  reasoning,  and 
ofttAking  experiments  of  which  he  set  me  the  example^ 
t*rtiinly  conduced  very  much  to  facilitate  the  progress  of 
niy  inventions ;  and  I  still  remember  with  respect  and  gra- 
titude the  notice  he  was  pleased  to  take  of  me  when  I  very 
liuie  merited  it,  and  which  continued  throughout  his  life. 

ToDr  RoBisoN  I  am  also  bound  to  acknowledge  my  ob- 
ligations for  very  much  information  and  occo^onol  assist- 
ance in  my  pursuits,  and  above  all,  for  Ins  friendship, 
which  ended  only  with  his  life ;  a  friendship  which  induced 
Jiim,  when  I  was  beset  with  an  host  of  foes,  to  come  to  Lon- 
don in  the  depth  of  winter,  and  appear  as  a  witness  for  me 
in  a  court  of  justice,  whilst  labouring  under  nn  excessively 
painful  disorder,  which  ultimately  deprived  him  of  life.  To 
ihn  remembrance  of  that  friendship  is  principally  owing  mr 


takiug  upon  myself  the  ofBce  of  his  commentator  at  my  ad- 
vanced age. 

Moy  1  request,  sir,  that  you  and  the  public  will  permit 
tliat  n^e  to  be  my  excuse  for  any  errors  1  may  have  com- 
mitted, and  for  any  deficiencies  in  the  performance  of  an 
office  which  at  no  period  would  have  been  congenial  to  my 
habits ;  and  allow  me  to  remainy  with  esteem. 

Dear  Sin, 

Your  most  obedient  humble  servant, 

JAMES  WATT. 


IlEATCTizLDr  May  1814. 


ON  STEAM. 


1.  Steam,  is  the  name  given  in  oar  language  to  the  vi- 
sible moist  vapoar  which  arises  from  all  bodies  which  con- 
tain  juices  easily  expelled  from  them  by  heats  not  sufficient 
for  their  combustion.  Thus  we  say,  the  steam  of  boiling 
water,  of  malt,  of  a  tan-bed ,  &c.  It  is  distinguished  from 
smoke  by  its  not  having  been  produced  by  combostlony 
by  not  containing  any  soot,  and  by  its  being  condensible 
by  cold  into  water,  oil,  inflammable  spirits,  or  liquids  com- 
posed of  these. 

2.  We  see  it  rise  in  great  abundance  from  bodies  when 
they  are  heated,  forming  a  white  doud,  which  difiuses  it^ 
self  and  disappears  at  no  very  great  distance  from  the  body 
from  which  it  was  produced.  In  this  cose  the  surrounding 
air  is  found  loaded  with  the  water  or  moisture  which  seems 
to  have  produced  it,  and  the  steam  seems  to  be  completely 
soluble  in  air,  as  salt  is  in  water,  composing  while  thus 
united,  a  transparent  elastic  fluid. 

3.  But  in  order  to  its  appearance  in  the  form  of  aa 
opaque  white  cloud,  the  mixture  with  or  dissemination  ia 
air,  or  in  some  da^tkfimd  colder  than  itsefff  seems  abso- 
lutely necessary.    If  a  tea-kettle  boils  violently,  so  that 
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the  steam  is  formed  at  the  spout  in  great  abundance,  if 
may  be  observed,  that  the  visible  cloud  is  not  formed  at 
tlie  very  mouth  of  the  spout,  but  at  a  small  distance  be- 
fore it,  and  llial  the  vapour  is  perfectly  transparent  at  its 
firit  emission.  Tliis  is  renderet!  still  more  evident  by  fit- 
ting to  the  spout  of  the  tea-kettle  a  glass  pipe  of  any  length, 
and  of  as  large  a  diameter  as  we  please.  The  steam  i» 
produced  as  copiously  as  without  this  pipc^  but  the  vapour 
is  transparent  throu;:;h  the  whole  Icngtli  of  the  pipe.  Nay, 
if  this  pipe  communicate  with  a  glass  vessel  terminating 
in  another  pipe,  and  if  the  vessel  be  kept  suflGciently  hot, 
the  steam  will  be  as  abundantly  produced  at  the  mouth  of 
this  second  pipe  as  before,  and  the  vessel  will  be  qnite 
transparent  The  visibility  therefore  of  the  matter  whicli 
constitutes  the  steam,  is  an  accidental  or  extraneous  cir- 
cnmstance,  and  requires  the  admixture  with  air ;  yet  this 
quality  again  leaves  it  when  united  with  air  by  solution. 
It  appears  therefore  to  require  a  dissemination  in  the  air. 
The  appearances  are  quite  agreeable  to  this  notion ;  for 
we  know  that  one  perfectly  transparent  body,  when  nil-  - 
nutely  divided  and  diffused  among  the  parts  of  another 
transparent  body,  but  not  dissolved  in  it,  makes  a  man 
which  is  visible.  Thus  oil  beaten  up  with  water  maltea 
white  opaque  mass. 

4.  In  the  mean  time,  as  steam  is  produced,  the  water 
gradually  wastes  in  the  tea-kettle,  and  will  soon  be  totally 
expended,  if  we  continue  it  on  the  fire.  It  is  reasonable 
therefore  to  suppose,  that  this  steam  is  nothmg  but  water 
changed  by  heat  into  an  aerial  or  elastic  form.  If  so,  we 
should  expect  that  the  privation  of  this  heat  would  leave 
it  in  the  form  of  water  again.  Accordingly  this  is  fully 
verified  by  experiment ;  for  if  the  pipe  fitted  to  the  spout 
of  the  tea-kettle  be  surrounded  with  cold  water,  no  steam 
will  issue,  but  water  will  continually  trickle  from  it  in 
drops  :  and  if  the  process  be  conductetl  with  the  proper 
pntcautioQs,  the  water  which  we  tlius  obtain  from  the 
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pipe  will  be  Found  equal  in  quonlity  to  that  which  disap- 
pears from  the  tca-kcttlc.  / 

5,  This  ia  eridcnlly  the  common  proces*  for  distilling; 
and  the  whole  appearances  may  be  explained  by  saying, 
that  the  water  is  converted  by  heat  into  an  elastic  vapour, 
and  that  tbisj  meeting  with  colder  air,  imparts  to  it  the 
heat  which  it  carrieil  ofiT  as  it  arose  from  the  heated  water, 
and  being  deprived  of  its  heat,  it  is  again  water.  The 
particles  of  this  water  being  vastly  more  remote  from  each 
otJier  than  when  tliey  were  in  the  tea-kettle,  and  thus 
being  disseminated  in  the  air^  become  visible,  by  reflecting 
light  from  their  anterior  and  poeterior  surfaces,  in  the 
same  manner  as  a  transparent  salt  becomes  visible  whea 
reduced  to  a  fine  powder.  This  disseminated  water  being 
prcsected  to  the  air  in  a  very  extended  surface,  is  quickly 
dissolved  by  it,  as  pounded  salt  is  in  water,  and  again  be- 
comes a  transparent  fluid,  but  of  a  different  nature  from 
what  it  was  before,  being  no  longer  convertible  into  water 
by  depriving  it  of  its  heat. 

6.  Accordingly  this  opinion,  or  something  very  like  it* 
has  been  long  entertained.  Muschenbroeck  expressly  says, 
that  the  water  in  the  form  of  vapour  carries  off  with  il  all 
the  beat  which  is  continually  thrown  in  by  the  fuel.  Bat 
I)r  Black  was  the  first  who  attended  minutely  to  the  whole 
phenomena,  and  enabled  us  to  form  distinct  notions  of  the 
subject.  He  had  discovered,  that  it  was  not  sufficient  for 
converting  ice  into  water  that  it  be  raised  to  that  tempera^ 
lure  in  which  it  can  no  longer  remain  in  the  form  of  ice. 
A  piece  of  ice  of  the  temperature  32*  of  Fahrenheit's  ther- 
mometer, will  remain  a  very  long  while  in  air  of  the  tem- 
perature 50*  before  it  be  all  melted,  remaining  all  the  while 
of  the  temperature  32*,  and  therefore  continually  absorb- 
ing heat  from  the  surrounding  air.  By  comparing  the 
lime  in  which  the  ice  had  its  temperature  changwl  from 
28*  to  32*,  with  the  subsequent  time  of  its  complete  lique- 
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faction^  he  found  that  it  absorbed  about  130  or  140  limcf 
as  much  heat  as  would  raise  its  temperature  one  degree ; 
and  he  found  thiit  one  pound  of  Ipe^  when  mixed  with  one 
pound  of  water  140  degrees  warmer,  was  just  melted,  but 
without  rising  in  its  temperature  above  32*.  Hence  he 
justly  concluded,  that  water  differed  firom  ice  of  the  same 
temperature  by  containing,  as  a  constituent  ingredient,  a 
great  quantity  of  fire,  or  of  the  cause  of  heat,  united  with 
it  in  such  a  way  as  not  to  quit  it  for  another  colder  body^ 
and  therefore  so  as  not  to  go  into  the  liquor  of  the  thermo- 
meter and  expand  it.  Considered  therefore  as  the  possible 
cause  of  heat,  it  was  latent,  whidi  Dr  Black  expressed  by 
the  abbreviated  term,  latent  heat.  If  any  more  heat 
was  added  to  the  water  it  was  not  latent,  but  would  readily 
quit  it  for  the  thermometer,  and  by  expanding  the  thenno* 
meter,  would  show  what  is  the  degree  of  this  redwidani 
heat,  whpe  fluidity  alone  is  the  Indication  of  the  combined 
and  latent  heat. 

Dr  Black,  in  like  manner,  concluded,  that  in  order  to 
convert  water  into  an  elastic  vapour,  it  was  necessary,  not 
only  to  increase  its  uncombined  beat  till  its  temperature  ia 
212*,  in  which  state  it  is  just  ready  to  become  elastic,  but 
also  to  pour  into  it  a  great  quantity  of  fire,  or  the  cause  of 
beat,  which  combines  with  every  particle  of  it,  so  as  to 
make  it  repel,  or  to  recede  from,  its  adjoining  particles, 
and  thus  to  make  it  a  particle  of  an  elastic  fluid.*  He  sup- 
posed that  this  additional  heat  might  be  combined  with  it 
so  as  not  to  quit  it  for  the  thermometer ;  and  therefore  so  as 
to  be  in  a  latent  state,  having  elastic  fluidity  for  Its  sole  in- 
dication. 

?•  This  opinion  was  very  consistent  with  the  phenome- 
non of  boiling  off  a  quantity  of  water.    The  application  of 


*  See  Dr  Black'W  own  ftccovnt  of  thu  maUer  in  bit  Lecturet,  publithMl 
liy  Dr  Robiton. 
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to  it  causes  it  gradually  to  rise  in  its  teraperatare  till 
It  reocUeft  (lie  tcmperuture  212*.  It  then  l^ogins  to  send 
oflT  elaUk  vapour,  and  it  slowly  expended  in  this  way^ 
continoing  all  the  while  of  the  same  temperature.  The 
steam  also  is  of  no  hi/rher  temperature,  as  appears  by 
holding  a  thermometer  in  it.  We  must  conclude  that  this 
steam  contains  all  the  heat  which  is  expended  in  its  for- 
mation. Accordingly  the  scalding  power  of  steam  is  well 
Icnown  ;  but  it  is  extremely  difiicuh  to  obtain  precise 
in««sure8  of  the  quantity  of  heat  absorbed  by  water  du- 
ring!; its  conversion  into  steam.  Dr  Black  cndeaToured  to 
ascertain  this  point,  by  comparing  the  time  of  raising  its 
temperature  a  certain  number  of  degrees  with  the  time  of 
boiling  it  off*  by  the  same  external  heat ;  and  he  found 
tliat  the  heat  latent  in  steam,  which  balanced  the  pressure 
of  the  atmosphere,  was  not  less  than  800  degrees.  He 
ako  directed  Dr  Irvine  of  Glasgow  to  the  form  of  an  ex- 
periment for  measuring  the  heat  actually  extricated  from 
such  steam  during  lis  condensation  in  d^e  refrigeratory  of 
a  still*  which  was  found  to  be  not  less  than  774  degrees. 
Dr  Black  was  afterwards  informed  by  Mr  Walt,  that  a 
course  of  experiments,  which  he  had  made  in  each  of  these 
ways  with  great  precision,  in  J781|*  determined  the  latent 


*  *'Tbe  following  is  the  account  of  roy  expcrinipnts  on  Utent  hcftta,  made 
iafebniarjr  and  JUarck  1781. 

«  *■  A  pipe  of  copper  5-8lh«  of  an  inch  diAnieler  inside^  l-50th  of  ftn  inch  thick, 
•od  5  fe«t  lonj:,  hitiog  3  inclim  of  ime  uf  ili  ends  bent  downwards^  was  fixed 
nrtra  tight  on  the  kpuut  ofn  tra-Lcitle,  IVumivluch  the  pipe  inclined  npwardf> 
•o  that  Uic  Iwnt  end  wu  ubuut  two  feet  higher  than  the  >pout  of  the  Vcltie  ; 
and  a  curk  |>«>rloral(!d  with  a  hole  ol  nbout  ?-lGth4  of  no  inch  diameter,  kept 
open  bj  n  bit  of  qiiill,  was  fiicd  in  the  opening  of  the  bent  end. 

"I'he  tea-kcllle  was  hile4  with  water  hair  waj  up  the  ei<lry  oflhespoutl 
lb«  lid  was  fixed  on  tight  wiih  some  oatmeal  dough,  and  Ueld  Uown  hy  % 
ptcec  of  wood  reatrhiug  op  to  the  handle.  A  tin  pan,  4  inchii  deep  mid  6 
jncliri  diameter,  had  l')  pounds  avoirdapoti  of  water  pat  iato  U»  wbich 
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heat  of  steam  under  the  ordinary  pressure  of  the  atmo8« 
pbere  to  be  about  948  or  950  degrees.  Mr  Watt  a]so 
fcund  that  water  would  distil  in  vacuo  when  of  the  tern- 


filled  it  nearly  to  t^  inches  deep.  The  water  waa  weighed  very  accurately  ; 
the  tin  pan  and  a  disk  of  strong  paper  (oiled  with  Unseed  oil  and  dried  in 
ft  atove,)  fitted  to  iu  inside,  being  first  counterpoised  when  they  were  quite 
dry. 

"  The  pan  and  water  were  placed  upon  sereral  folds  of  flannel  on  a  stand, 
and  the  extremity  of  the  corli  in  the  bent  end  of  the  pipe  was  immersed  in 
the  water.  The  water  in  the  kettle  was  made  to  boil  for  some  time  before  the 
end  of  the  pipe  was  immersed  in  the  cold  water  in  the  pan,  which  was  not 
done  until  it  was  obsArTcd  that  no  water  dropped  from  it«  but  that  all  the  cod* 
deosed  part  of  the  steam  returned  by  the  tnclmod  tube  to  the  tea-kettle. 

"  When  the  end  of  the  tube  was  immersed  iu  the  cold  water  in  the  pan, 
the  steam  issuing  from  it  was  condensed  with  a  crackling  noise,  and  began 
to  beat  the  water  in  contact  with  it.  The  water  being  constantly  stirred 
with  a  circular  motion*  the  beat  was  thereby  diffused  equably  throughout 
the  whole,  and  the  eiperiment  was  continued  until  the  water  hod  acquired 
the  heat  of  from  70°  to  90°,  which  happened  generatly  in  from  4  to  6  mi- 
nutes. Immediately  after  the  thermometer  hod  shewn  what  the  heat  was, 
which  was  in  less  than  half  a  minute,  the  water  was  corered  by  the  disk  of 
oiled  paper,  to  prerent  CTaporation  |  which  would  otherwise  have  lessened 
its  weight  during  the  operation  of  weighing.  The  thermometer  employed 
became  stationary  in  about  10  seconds. 

"  When  the  experiments  were  finished,  the  tin  pan,  made  quite  dry, 
was  set  in  a  room  where  the  air  was  about  40°,  and  stood  there  for  half  an 
hour,  when  it  was  thought  to  have  acquired  the  heat  of  the  place,  two 
pounds  of  water  at  76°  were  then  poured  into  it,  and  the  heat  was  found  to 
be75i°. 

"  Then  for  every  354®  w*^**  '***  ponnds  of  water,  or  for  every  44®  with  t^ 
pound  of  water,  half  a  degree  must  be  allowed  for  the  heat  absorbed  by  the 
pan. 

"  The  heat  of  the  room,  when  the  experiments  were  made,  was  generally 
about  56°. 

"  Eleven  experiments  were  made  in  the  foregoing  manner,  from  which  the 
latent  heat  was  calculated  accordiug  to  the  following  example. 


ExPxaiHSHT  I.  F«BRUABy  23,  1781. 

"  The  heat  of  the  water  in  the  pan,  on  beginning  the  experiment,  was 
43.5°.  When  the  experiment  was  ended,  the  heat  of  that  water  was  89.5, 
coDseqacDtly  it  had  gained  46°  from  the  ateam  it  had  cnndensed.    The 
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peratore  7(f ;  and  that  in  tbis  case  the  latent  heat  of  the 
tteam  appeared  to  he  about  1000%  and  some  other  experimentt 
made  him  suppose  that  the  sum  of  the  sensible  and  latent 


meight  of  the  water  on  oomnenciag  the  experiment,  wat  Sft  poands  mvoirda- 
pois,  or  17^00  gruoi ;  after  the  experiment,  iu  weight  waa  18,360  grain*, 
conaequently  it  had  gained  760  giaiiu  frcmi  the  condensed  steam.  ThuB«« 
moltiplyitig  17,500  grains  by  46*^,  the  heat  received  from  the  condensed 
steam,  and  O^  the  heat  absorbed  by  ihe  pan,  »  4fi°.5,  we  have  8,137,600^. 
vfaicb,  dirided  by  760  grains,  the  weight  of  the  water  which  in  the  state  of 
aleam  communicated  the  beat,  we  have  1070° ;  to  which  we  must  add  the 
beat  retained,  being  that  of  the  mixture,  =s  89^.5,  which  produces  1159^.5, 
m  the  aom  of  the  sensible  and  latent  beat  of  the  steam ;  and  deducting  tl3°, 
the  sensible  heat,  we  have  the  latent  heat  947 .5> 

"  The  resnlts  and  other  particulan  of  the  eleven  experiments,  tried  and 
oalculsted  in  the  same  manser,  are  shewn  in  the  following  Table. 
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"  Adding  together  the  sums  in  the  8th  colamu,  and  dividing  by  II.  gives 
945**.3  for  the  average,  but  the  Sd  and  11th  experiments,  giving  a  much 
smaller  result  than  any  of  the  others,  appear  to  me  to  be  objectionable,  and 
if  rejected,  wtU  gif  e  949*'.9  for  the  average. 
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heats  is  a  constant  quantity.    This  is  a  curious  and  not  an 
improbable  circumstance ;  but  we  have  no  information  of 


"  Bat  tbere  being  leTeml  causes  which  affect  the  results  of  these  cxperi- 
ments,  and  which  for  the  most  part  tend  to  give  the  latent  heat  rather  lest 
tlian  what  H  probably  i»,  we  shall  not  err  in  excess  by  calling  the  latent  heat 
960»,    W.» 

"  Not  being  satisfied  with  the  exjwriments  I  bad  tried  open  the  latent  heat 
of  distillation  in  Tacno  at  Glasgow  in  176$«  which  were  made  in  a  hasty 
manner,  I  made  other  experiments  in  176S,  the  result  of  which  still  did  not 
prove  satisfactory.  I  shally  bowerer^  gire  a  short  account  of  the  spparatna^ 
and  of  the  only  eiperiroents  of  which  I  have  retained  mimitu*  hoping  it  may 
excite  some  penon  to  ascertain  the  matter  Bore  accnrately. 

»  A  smaU  stUI 
Af  svTOunded 
by  a  Salneuu, 
was  nade  of  tia 
plate«  in  the 
form  annexedt 
which  communi- 
cated by  a  pipe 
with  the  Iwn 
double  cones  B 
and  C,  each  of 
which  bad  a  very 
small  opening  m 
its  lower  apex,  shut  air-tight  by  a  brass  plug.  There  was  also  an  opening* 
•hot  in  the  same  manner,  in  the  tube  at  D.  The  conical  mouth  of  the  still 
at  A  was  shot  by  a  good  cork. 

"  A  pint  of  water  was  poured  into  the  inside  vessel,  and  as  much  into 
the  outside  one.  The  whole  was  then  set  upon  a  chafing  dish  and  made  to 
boil.  The  steam  was  allowed  to  tsiae  at  B  and  C  until  it  was  supposed 
that  all  the  air  was  extruded.  The  aperture  C  was  then  shut,  and  just 
immersed  in  a  vessel  of  water,  to  prevent  the  air  from  entering.  Tke 
ateam  was  allowed  to  issue  some  time  longer  at  B,  and  it  was  also  shut, 
and  immediately  immersed  to  a  small  depth  in  Water.  Cold  water  waa 
then  poured  into  the  balneum,  so  as  to  cover  the  orifice  and  its  cork.  A 
degree  of  exhaustion  was  instantly  produced  in  the  internal  vessel,  and  in 
the  two  double  cones  communicating  with  it.     Tbe  double  cone  B  was  then 


*  "  In  1803  Mr  Southern  examined  with  great  care  the  latent  heat  of 
ateam  at  the  temperatures  of  229^,  270^,  and  395*^,  and  after  making  the  due 
correctioDs,  found  it  to  be  942°,  949°,  and  9S0° ;  for  the  particulars  of  which^ 
I  refer  to  his  own  account  of  those  esperiroents,  in  a  letter  to  ae^  which  I* 
kave  placed  at  the  cad  of  my  remarks  on  Dr  Robiaon*!  aiticles." 
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the  particulars  of  these  experiments.    The  conclusion  evi« 
deutly  presupposes  a  knowledge  of  that  particular  temper- 


wbollf  immened  inmtin  pftn  6  Incbes  deep>  aod  8}  iocbf » (lianeter,  filled 
wlch  cold  wster  to  witbia  mo  inch  of  its  moutb.  Thii  water  weighed  130  oc 
6  dr.  40  gr.  troy  weight,  or  62800  grmins.  Itt  beat  at  the  begiunine  of  the  ex- 
periment was  52^  (say  5I°75).  When  it  was  supposed  a  sufficient  quantity 
bad  distilled  into  the  recetver  B,  the  heat  of  the  water  in  the  refrigeratory  was 
6%°,  conaeqnently  hsd  increased  9**  +  (say  9J°).  The  plug  at  D  wai  witb- 
drawo*  and  the  air  admitted.  The  refrigeratory  was  removed,  and  the 
double  cone  B  being  wiped  dry,  its  plug  wUs  withdrawn,  and  the  water  it 
contained  let  oat,  its  beat  examined,  and  then  weighed.  The  heat  was  6^, 
and  its  weight  was  I  ox.  and  54  gr.,  or  534  gr.,  to  which  6  gr,  were  added  by 
cttimqfioo,  for  water  adhering  to  the  inside  of  the  cone,  in  all  540  gr.  The 
lieat  of  the  water  in  tbe  balneum  at  the  beginning  of  the  experiment  was  134^, 
and  at  the  end  259^;  consequently  at  the  latter  period  abont  one-third  part 
of  ur,  or  other  elastic  vapour,  remained  in  the  still  and  receiver.  The  dura- 
tion of  the  experiment  was  9  minutes.  The  beat  of  tbe  chafing  dish  was  pre- 
vented from  affecting  the  refrigeratory  by  a  Kreen  of  bricks.  The  beat  of 
d»e  air  in  tbe  room  was  about  58°. 

"The  double  cone  B  weighed  1000  grains,  aod  as  it  was  of  134°  of  heat 
«tthe  beginning,  and  was  cooled  to  Gt^  by  the  refrigeratory,  it  lost  7S°.  Its 
specific  gravity  was  probably  about  7^  times  that  of  water,  and  consequent- 
]y  itt  bulk  fhat  of  a^  a  134.6  grains  of  water,  and  its  capacity  fur  beat 
being  about )  of  that  of  the  same  bulk  of  water,  it  would  contain  tbe  same 
quantity  of  beat  as  about  101  grains  of  water  ;  and  this  heat  not  being  com- 
aoonicated  by  the  condensed  steam,  contained  in  the  cone  at  the  end  of  tbe 
operation,  is  to  be  deducted  from  tbe  heat  acquired  by  the  water  in  tbe  re- 
frigeratory, or,  which  is  the  same  thing,  101  grains  are  to  be  deducted  fron 
its  weight. 
<*  The  result  of  the  experiment  may  be  stated  as  follows : 
'•  The  weight  of  the  water  in  the  refVigeratory  69800  grains 

Deduct  101  grains  as  tbe  equivalent  for  the  bulk  of  the  cone  101 


Remainder  68699 
Add  tbe  beat  absorbed  by  tbe  refrigeratory  which  was  uf  tin 
plate,  and  weighed  S4|  oc,  ;  but  for  the  wire  round  its  month, 
and  other  parts  not  in  contact  wiib  the  water,  I  allow  ^  ux. : 
remains  SO  ox.  ■»  in  bulk  to  about  1320  grains  of  water,  but 
its  capacity  for  beat  being  only  }  of  that  of  water,  is  equal 
only  to  980  grains  of  water/  which  is  to  be  added  to  tbe  wa- 
ter Id  tbe  refrigeratory.  '  980 
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aturo  in  which  the  wator  has  no  heat ;  bat^  this  is  a  point 
which  is  still  mbjudke.^ 

8.  This  conTersion  of  liquids  (for  it  is  not  confined  to 
water,  but  obtains  also  in  ardent  spirits^  oils,  mercaxy, 

"  Total  weight  of  the  vraMr,  &c.  heated  63679  graint 

which  multiplied  hy  9°.S5  the  beat  acqaired  ^  589030.75 
and  dWided  bjr  the  weight  of  the  coodensed  fteam  ib  540 

gmios  gives  |090^.79 

to  which,  addiag  the  heat  retained  ■*  62°. 


givei  the  aam  of  the  sensible  and  latent  beat  >»  115S.79 

from  which,  deducting  the  average  sensible  heat  of  the  steam    li6. 


gives  the  latent  beat  fit  that  temperature  «>  1006.79 


"I  have  said  that  I  am  by  no  means  satisfied  with  the  accuracy  of  this 
•xperiment.  Too  many  things  are  taken  by  estimation  which  ought  to  have 
been  ascertained  by  experiment,  and  the  degree  of  exhaustion  was  not  so 
great  as  it  might  have  been,  or  as  I  have  obtained  in  some  other  experiments* 
The  cone  B  ought  to  have  had  a  slip  joint  in  iU  heck  at  C,  by  which  it  could 
have  been  taken  off  and  weighed  beforp  and  after  each  experiment,  to  ascer- 
tain the  quantity  of  water  which  adhered  to  its  inside.  ' 

"  Its  specific  ^yity  ought  also  to  have  been  determined  by  weighing  it  Id 
water,  and  its  capacity  for  heat  examined  accnfately.  The  cone  C  was  in- 
tended to  catch  any  water  which  might  come  over  iu  consequence  of  a  vio- 
lent ebuUitioD ;  but  by  cooling  the  still  sooue^  than  the  cones,  that  did  not 
take  place,  and  the  cone  C  was  superfluous,  and  might  be  omitted  in  another 
c^se. 

"  The  vacuum  ought  to  have  been  made  more  perfect  by  repeatedly  boil- 
ing the  water,  condensing  the  steam,  and  blowing  out  the  air,  until  the  dis* 
ttJlation  should  take  place  at  70°  or  80°.  All  this  I  should  probably  hare 
done,  had  I  not  been  called  away  by  business  from  prosecuting  the  experi- 
ment at  that  time,  and  my  attention  having  never  been  drawn  to  it  since. 
Now  it  is  too  late."    W. 

•  "  In  my  first  experiments,  made  in  a  rude  way  in  1765,  the  latent  heat 
appeared  to  be  above  1200°,  but  later  experiments,  which  I  have  related  ia 
the  preceding  note,  have  made  me  suppose  the  former  ones  to  be  erroneous. 

"  Mr  Southern  is  inclined  to  conclude,  from  the  experiments  on  the  latent 
heat  of  steam  at  high  temperatures,  which  I  have  mentioned,  that  the  latent 
heat  is  a  constant  quantity,  instead  of  the  sum  of  the  latent  and  sensible  heats 
being  so.  Dt  Priestley  favoured  me  with  his  company  during  the  ninth  and 
tenth  experiment)  in  1781  and  in  1783  ;  Mr  De  Lac  attended  a  repetition  «/ 
these  expcrimenU,  and  the  distlUatioos  in  vacuo."   W«  ' 
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Jtc.  i«  the  cause  of  their  boiling.  The  heat  is  appliecl  la 
the  bottom  and  sides  of  tlie  vcshcI,  and  gradually  accunm- 
lttte»  in  the  fluid,  in  a  sensible  state,  uncombinedi  aod 
y  to  quit  it  and  to  enter  into  any  body  that  id  colder, 
and  to  diiiuae  itiielf  between  them,  Thu$  it  enters  into 
the  fluid  of  a  tlicrmomeler,  expands  it,  and  thus  gives  ua 
the  indication  of  the  degree  in  which  it  hai  been  accumu- 
lated in  die  water;  for  the  tticrmomcter  sivells  as  long  aa 
it  continues  to  absorb  sensible  heat  from  the  water :  and 
"when  the  sensible  heat  in  both  is  in  oquilibrio,  in  a  pro* 
portion  depending  on  the  nature  of  the  two  fluids,  the 
thermometer  rises  no  more,  because  it  absorbs  no  more 
lieat  or  fire  from  the  water ;  tor  the  particles  of  water 
^hich  are  in  immetliate  contact  with  the  bottom,  arc  now 
^^(by  this  gra<1ual  expansion  of  hquidity)  at  such  distance 
^Virom  each  otber,  that  their  laws  of  attraction  for  each 
^V  other  and  for  heat  arc  totally  changed.  Each  particle 
^B  either  no  longer  attracts,  or  perhaps  it  repels  its  atljoining 
^f  particle,  and  now  accumulates  round  itself  a  great  number 
P  of  ihe  pariicles  of  heat,  and  forms  a  particle  of  elastic  fluid, 
'  so  related  to  the  adjoining  new-formed  particles,  as  la 
Tcpel  ihcm  to  a  distance  abuitt  twelve  and  a  lialf  times 
greater  than  their  distance  in  the  state  of  water.  Thus  a 
mass  of  clastic  vapour  of  sensible  magnitude  is  formed. 
Being  abotU  two  ihotaand  times  lighter  than  an  ecjual  bulk 
of  water,  it  must  rise  up  through  it,  as  a  cork  would  dot 
in  a  form  of  irangparcnt  ball  or  bubble,  and  getting  to  the 
lop,  it  dissipates,  filling  the  upper  part  of  the  vessel  with 
Tapour  or  steam. 

9.  Thus,  by  tossing  the  liquid  into  bubbles,  which  are 
produced  all  over  the  bottom  and  sides  of  Uie  vessel,  Ic 
produces  die  phenomenon  of  ebullition  or  boiling.  Ob- 
bervc,  that  during  its  passage  up  through  the  water,  it  is 
not  changed  or  condensed ;  for  the  surrounding  water  is 
already  so  hot  that  the  sensible  or  uncombined  heat  in  it, 
is  in  e<juilibrio  with  that  in  die  vapour,  and  therefore  it  is 
not  disposed  to  absorb  any  of  that  heat  which  is  combined 
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M  an  ingredient  of  this  vapour,  and  gives  it  its  elosticily* 
For  this  reason,  it  happens  that  water  will  not  boil  till  in 
whole  ma«s  be  heated  up  to  S12*;  for  if  the  upper  part  be 
colder,  it  robs  the  risinr^  bubble  of  that  heal  which  is  ne- 
cessary for  its  elasticity,  so  that  it  irnniediately  coUapsa 
agaiDy  and  tlie  surface  of  the  frater  remains  stilL  Thifl 
may  be  perceived  by  holding  water  in  a  Florence  flaafc 
over  a  lamp  or  choHor.  It  will  be  observed,  some  time 
before  the  real  cbullilion,  that  some  bubbles  are  formed 
at  the  bottom^  and  get  up  a  very  little  way,  and  then 
disappear.  The  disiauccs  which  ihcy  reach  before  cot- 
lapsing  increase  as  the  water  continues  to  warm  farther  np 
the  mossy  till  at  la^t  it  breaks  out  into  boiling.  If  the 
handle  of  n  lea-kcttlc  be  grasped  with  the  hand,  a  tremor 
will  be  (bit  for  some  lillle  line  before  boilin;*,  arising  from 
the  little  succussions  which  are  produced  by  the  collapsing 
of  the  bubbles  of  vapour.  A  much  more  violent,  and 
really  a  remarkable  phenomenon  appearsf  if  we  suddenly 
plunge  a  lump  of  red-hot  iron  into  a  vessel  of  cold  water^ 
taking  care  that  no  red  part  be  near  the  surface.  If  the 
hand  be  now  applied  to  the  side  of  the  vessel,  a  most  vio- 
lent tremor  fs  felt,  and  sometimes  strong  thumps:  these 
arise  from  the  collapsing  of  very  large  bubbles.  If  tlie 
up|)er  part  of  the  iron  be  loo  hot,  it  warms  the  surround- 
ing water  so  much,  that  the  bubbles  from  below  come  up 
through  h  uncondensed,  and  produce  ebullition  without 
this  succussion.  The  great*  resemblance  of  this  tremor  to 
the  feeling  which  we  have  during  the  shock  of  an  earth- 
quake, has  led  many  to  su}>pose  that  these  last  are  produced 
in  the&ame  way :  and  ihcir  hypothesis,  notwithstanding  the 
objections  which  we  have  elsewhere  stated  to  it,  is  by  no 
means  unfeasible. 

10.  It  is  owing  to  a  similar  cause  that  violent  thumps 
ore  sometimes  Iclt  on  the  bottom  of  a  tea-kettle,  especially 
one  which  hos  been  long  in  use.  Such  are  frequently 
crusted  on  the  bottonr  witli  a  stony  concretion.     This 
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imcfl  is  dctadied  in  littlo  sgaIcs.  When  one  of  these 
u  adhering  by  one  end  to  the  bottom,  the  water  gets  be- 
leen  them  in  a  thin  film.  Hence  it  may  be  healed  con- 
terftbly  above  the  boiling  temperature,  and  k  suddenly 
I  ghes  up  iu  a  large  bubble,  which  coliapscs  immediately. 
^H  smooth  shilling  lying  on  the  bottom  will  produce  tliis 
^Kpeorance  very  violently,  or  a  Ihtnible  with  the  month 

]  1.  fn  order  to  make  water  boil,  the  fire  must  be  ap- 

pHetl  to  the  bottom  or  sKlcs  of  iLe  vesuel.     If  the  heat  be 

»p]ied  at  the  top  of  the  water,  it  will  waste  away  williout 

iKng  ;  for  the  very  superficial  pnrticlcs  arc  first  snpplied 

Ith  the  heat  necessary  lor  rendering  them  elastic,  and 

fly  off  without  agitating  the  reiit.  • 

\.  Since  this  disp-ii;^'agement  of  vapour  is  the  effect  of 

elasticity,  and  since  this  elasticity  is  a  determined  force 

len  the  temperature  is  given,  it  follows,  that  fluids  cannot 


"  We  nploincfl  the  opaque  end  claodj  appearance  of  ttfam,  by  <ayin( 
It  the  vapour  U  fXintleDied  by  coming  ir.to^contact  with  the  o»oler  air, 
re  is  auoiclhing  ia  (he  farm  of  thi»  cloud  which  is  vety  inexplicable, 
particles  of  it  are  toisetimct  verjr  dlnUiiguiihable  by  Uie  ej?e ;  but  ihej 
'c  Ei<  I  -  itir-liLe  hriltiaiiCY  of  vcrr  •mall  drops  of  «ratcr»  bat  glva 

tii-ii.'  .  n\  »(  a  very  Uitn  film  or  veticlo  like  a  soap  bubble.     If  wa 

lend  Ww  Iu  lucir  mutioDi  wc  sec  thcni  descending  tctj  sIowIjt  in  comparl- 
•nith  lite  de»c«nt  of  a  kohd  drop;  ami  ihiifciiculnr  conslitutjoii  is  eita- 
.:d  n  doubt  by  loolcinig  at  a  candle  through  a  cloud  of  stcaiu.    It 
ondcd  by  a  laint  halo  with  ppimatical  colourt,  precisely  such  aa 
cm  dffisonttratc  by  oplicd  Um  to  belong  to  a  colleciion  of  veiiclevi  bat 
Uj  ditTereut  from  the  halo  «hicb  would  be  prodoced  by  a  cu)!ectioit  of 
dropd*     It  \%  very  dilficull  to  conceive  how  tliete  teaicJes  can  be  forta* 
of  wacry  pftrtielcat  each  of  which  wai  suriminded  tvilh  many  particles  of 
r.  now  communicated  to  the  airj  nnd  how  cnch  of  these  Tesicles  shall  in- 
ido  williKi  it  a  ball  ol'  air  ;  but  we  ciinitot  tefuse  the  fact.     We  know,  that 
while  linseed  oil  is  boiling*  or  nearly  boiling,  the  inrfice  bo  obliqaclj 
ruck  with  the  ladle,  it  will  be  dashed  into  :i  prodigious  number  of  exceed- 
»Kly  small  tcsides,  which  will  flon!  nboit  in  the  air  for  a  lon^  while.     Mr 
titiunre  was  (wc  think)  the  first  who  distinctly  observed  Ibis  resicular  form 
^•f  mista  and  clouds;  and  he  makes  considerable  u«  of  it  in  riplaizuog  ktc- 
pliMurocna  «f  (he  Muioipber«."    fir  R. 
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boil  till  tbe  elasticity  of  tlie  vapour  overcomes  the  presn 
of  the  incumbent  fluid  and  otthe  atmosphere.  Therefore, 
vfhcn  this  pressure  is  removed  or  diminished,  the  fluids 
must  sooner  overcome  what  remains,  and  boil  at  a  lower 
temperature.  Accordingly  it  is  observed  that  water  will  boil 
in  an  cxhaustctl  receiver  when  of  ilie  heat  of  the  human  bo- 
dy. If  two  glasfi  balls,  A  and  B,  (Plale  1.  Fig.  1.)  be  con- 
nected by  a  slender  tube,  and  one  of  ihem  A  be  filled  with  wa- 
ter (a  small  opening  or  pipe  b  being  left  at  top  of  the  other), 
and  this  be  made  to  boil,  the  vapour  produced  from  it  will 
drive  all  the  air  out  of  the  other,  and  will  at  last  come  out 
itself,  producing  steam  at  the  mouth  of  the  pipe.  When 
tlie  ball  B  is  observed  to  be  occupied  by  transparent  va- 
pour, we  may  conclude  that  the  air  is  completely  expelled. 
Now  shut  the  pipe  by  sticking  it  into  a  piece  of  tallow  or 
beeswax,  the  vapour  in  B  will  soon  condense,  and  there 
will  be  a  vacuum.  The  flame  of  a  lamp  and  blow-pipe 
being  directed  to  the  little  pipe,  will  cause  it  immediately 
to  close  and  seal  hermetically.  We  now  have  a  pretty  in- 
strument or  toy  called  a  Pulse-glass.*  Grasp  the  ball  A 
in  the  hollow  of  the  hand  ;  the  heat  of  the  hand  will  imme- 
diately expand  the  bubble  of  vapour  which  may  be  in  it, 
and  ibis  vapour  will  drive  the  water  into  B,  and  then  will 
blow  up  through  it  for  a  long  while,  keeping  it  in  a  state  of 
violent  ebullition,  as  long  as  there  remains  a  drop  or  film  of 
water  in  A.  But  care  must  be  taken  that  B  is  all  the  while 
kept  cold,  that  it  may  con4en8e  the  vapour  ns  fast  as  it  rises 
through  tbe  water.  Touching  B  with  the  hand^  or  breath- 
ing warm  on  it,  will  immediately  stop  the  ebullition  in  it. 
When  the  water  in  A  has  thus  been  dissipated,  grasp  B  in 


*  ^Thc  inveoiinn  o(  the  pulse  glass  h  ascribed  to  Dr  Franklin,  its  date 
uncertain,  probably  nubsequent  to  my  iroprorcmeat  of  the  Slcani  Engine^  st 
least  certainly  not  known  to  me  at  that  time. 

**  The  boiling  in  vacuo  why  knuwii  long  before  the  pube-glosi  wu  invcat- 
cd.  Piilic-glakiet  succeed  better  when  fiJUd  with  ipiriti  ct'  wine  lluu  wiiU 
Wftler."    W, 
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band;  the  water  will  be  driven  into  A,  and  the  ebuUi- 
will  take  place  there  as  it  did  in  B.  Futdnp;  one  of  lite 
into  the  mouth  wilJ  make  the  cbulJiiion  more  violent 

the  other,  and  tlie  one  iu  tlic  mouth  will  icel  vtvy  cold. 
Tluft  h  a  pretty  illustration  of  the  rapid  absorption  of  tlse 
beat  bj  the  particles  of  water  which  are  thus  converleil  mio 
elastic  vapour.  We  have  seen  this  little  toj  suspended  by 
the  middle  of  tlie  tube  like  a  balance^  and  thus  placed  in  the 
ixkstde  of  A  window^  having  two  holes  a  and  b  cut  in  the 
pane,  in  such  a  situation  that  when  A  is  full  of  water  and 
preponderates,  B  is  opposite  to  the  hole  b.  Whenever  the 
room  became  sufficiently  warm,  the  vapour  was  formed  In 
At  and  immediately  drove  the  water  into  B^  which  was 
kept  cool  by  the  air  coming  Into  the  room  through  the  hole 
ih  By  this  means  B  was  made  to  preponderate  ia  its  turn, 
.and  A  was  then  opposite  to  the  hole  a,  and  the  process  was 
now  repeated  in  the  opposite  direction ;  and  this  amuse- 
ment  continued  as  long  as  the  room  was  warm  enough. 

IS.  We  know  that  liqUors  dilTer  exceedingly  in  the  tem- 
peratures necessary  for  their  ebullition.  7'his  tbrms  die 
great  chemical  distinction  between  volatile  and  fixed  bo- 
dies. But  the  difference  of  temperature  in  which  they 
boily  or  are  converted  into  permanently  elastic  vapouri  un- 
der the  pressure  of  the  atmosphere,  is  not  a  certain  mea« 
sure  of  their  differences  of  volatility.  The  natural  boiling 
point  of  a  body  is  that  in  which  it  will  he  converted  into 
elastic  Tapour  under  no  pressure,  or  in  vacuo.  The  boil- 
ing point  in  the  open  air  depends  on  the  law  of  the  elasti- 
city of  the  vapour  in  relation  to  its  heat.  A  fluid  A  may 
be  less  volatilcj  that  is,  may  require  more  heat  to  moke  it 
boil  tn  vacuo,  than  a  fluid  B  :  But  if  the  elasticity  of  theva- 
poar  of  A  be  more  increased  by  an  increase  of  temperature 
than  tliat  of  the  vapour  of  B,  A  may  boil  at  as  low,  or  even 
At  a  lower  temperature,  in  the  open  air,  than  B  does;  for 
the  increased  elasticity  of  the  vapour  of  AmAy  sooner  over* 
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come  the  pressure  of  the  atmo«pherc.*  Fcw.experimentt 
have  been  made  on  the  relation  between  the  temperature 
and  the  elasticity  of  different  vapours.  So  long  ago  a& 
the  yenr  iTe/;,  we  liad  occasion  to  examine  the  boiling 
pointii  of  all  sucli  liquors  as  we  could  manage  in  an  ahw 
pump ;  that  is,  such  a%  did  not  produce  vapours  wliich  do- 
ttroyed  the  valves  and  the  leathers  of  Ute  pistons:  and  we 
thought  that  the  exprrinients  gave  us  reason  to  conclude, 
that  the  elasticity  of  all  tlie  vapours  was  afibctcd  by  heat 
nearly  in  the  same  do^ree.f 

14.  For  we  found  tliat  the  difference  between  their 
4Kjiling  points  in  the  air  and  in  vacuo  wb9  nearly  the  same 
in  allj  namely,  about  120  dc^Tces  of  Fahrenheit's  theniit^ 
meter.  It  is  exceedingly  diilicult  to  make  experiments 
of  this  kind :  The  vapours  are  so  condenaible,  and  diange 
their  elasticity  so  prodigiously  by  a  trifling  change  of  tem- 
perature, that  it  i«  almobt  impossible  to  examine  this  point 
with  precision.  It  is,  however,  as  wc  shall  see  by  and 
by,  a  subject  of  considerable  practical  importance  in  (he 
mechanic  arts;  and  an  accurate  knowledge  of  the  relation 
would  be  of  great  use  also  to  the  distiller;  and  it  would 
be  no  less  important  to  discover  the  relation  of  their  elas- 
ticity and  density,  by  examitiing  their  compressibility,  in 
the  same  manner  as  wc  have  ascertained  the  relation  iu 


*  *'  Mr  Dtllon  lapposm  (he  diflercnoe  of  the  temperalare  of  tm  Tiipovn 

»f  tbc  same  elastic  force,  rau^d  frum  (wo  ditferciil  liqtiiJs,  to  he  a  canttant 
|uantit^  ;  tbita  auppoaing  alcohol  to  boil  ct  176'^,  and  valcr  tut  SI 3°,  tlio  cou- 
Maut  difFcrcncc  U  37*^  belonging  to  tbo»  Iwo  liquldi,  and  ihat  tbe  vapour  of 
alcoliol  of  lOO*^  wnnMbe  as  «liutjc  as  iltnt  of  wnler  at  IS7°,  &c.  &c.  Oa 
tliU  priucii>le  the  c«m  ftupposed  above  could  not  happen  |  but  it  i»  cofuiitcnl 
irith  the  cooLlusioo  (Art.  14)  u  to  pi iociplr,  though  not  as  to  quantity,  for 

t  •'  Thete  csperimenLs  were  nnloown  to  tat  at  the  lime  I  infented  the  im- 
proved engine  in  1765,  and  for  long  after  i  pcibaps  tbat  inreutiuO  ffu  tko 
cause  otiheir  being  made.  "    W. 


wb«t  we  call  aerial  ftuidi,  that  is,  mch  as  we 
never  observed  in  llie  form  of  liquids  or  sotidsy  except 
cooMqu^nce  of  ibeir  union  with   each  other  or  with 


bodies.     In  the  article   Vai 


ihnll  take 


sui 
I      we 
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natural  law,  that  nil  those 
airs  or  gases,  as  they  are  now  called,  )iad  their  elasticity 
nearly,  if  not  exactly,  pro|)ortioDal  to  their  density, 
appears  from  tlie  experiments  of  Achard,  of  FontauOf 
odiers,  od  vital  air,  inilammable  air,  fixed   air,  and 
me  otiien.     It  gives  us  some  presumption  to  suppose 
it  holds  in  all  elastic  vapours  whatever^  ond  tliut  it 
eoanected  with  their  elasticity  ;  and  it  renders  it  some- 
hat  probable  that  they  are  all  elastic,  only  because  the 
use  of  heat  (the  matter  of  fire  if  you  will)  is  elastic,  and 
at  their  law  of  elasticity,  in  respect  of  density,  is  the  same 
ih  that  of  fire. 

16.  But  it  must  be  observed,  that  although  wo  thus 
ign  the  elasticity  of  fire  as  the  immediate  cause  of  the 
ticity  of  vapour,  in  the  same  way,  and  on  the  some 
undfi,  (hat  we  ascribe  the  fluidity  of  brine  to  the  fluidity 
the  water  which  holds  tlic  solid  salt  in  solution,  it  doea 
not  follow  that  this  is  owing,  us  is  commonly  supposed,  to  a 
repulsion  or  tendency  to  recede  from  each  other  exerted 
by  the  particles  of  fire.  We  are  as  much  entitled  to  infer 
a  repulsion  of  unlimited  extent  between  the  particles  of 
w^ter  I  for  we  see  that  by  its  means  a  single  particle  ot  sea- 
«alt  becomes  disseminated  through  the  whole  of  a  very 
large  vessel.  If  water  had  not  been  a  visible  and  a  palpable 
substance,  and  the  soil  only  had  been  visible  and  palpably 
we  might  have  formed  a  similar  notion  of  chemical  solution. 
ut  we,  on  the  contrary,  have  considered  the  qnaquaver' 
motion  or  expansion  of  the  salt  as  a  dissemination 
among  the  parades  of  water;  and  we  have  ascribed  it  to 
the  strong  attraction  of  ihe  atoms  of  salt  for  the  atoms  of 
Water,  and  tlie  attraction  oi  these  last  for  each  otlter,  think- 
▼OL.  IJ,  n 
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ing  that  each  atom  or  salt  accumulates  round  itselfa  tnuUi* 
tuilc  of  wattTj*  atom*:,  and  by  so  doinf^  must  recede  from 
the  other  saline  atoms.  Nay,  we  farther  see,  that  by  forces 
which  we  naturally  consider  as  atlractioob,  an  expansioa 
may  be  produced  of  the  whole  mass,  which  wilJ  act  against 
extertiat  mechanical  forces.  It  is  thus  that  wood  £wclla 
with  almost  insuperuble  force  by  imbibing  moisture ;  it  if 
thus  that  a  sponge  immersed  in  water  becomes  really  aa 
elastic  compressible  body;  resembling  a  blown  bladder; 
and  there  are  appearances  which  warrant  us  to  apply  this 
Jnode  of  conception  to  clastic  fluids.— When  air  is  sud- 
denly compressed,  a  thermometer  included  in  it  shews  a 
rise  of  temperature ;  that  is,  an  appearance  of  heat  now 
redundant  which  was  formerly  combined.  The  heat  seems 
to  be  squeezed  out  as  the  water  from  the  sponge. 

j6.  Accordingly  this  opinion,  that  the  elasticity  of  steam 
and  other  vapours  is  owing  merely  to  the  attraction  for 
fire,  and  tlie  consequent  dissemination  of  thetr  particles 
through  the  whole  mass  of  fire,  has  been  entertained  by 
many  naturalists,  and  it  has  been  ascribed  entirely  to  at- 
traction. We  by  no  means  pretend  to  decide;  but  we 
think  the  analogy  by  far  too  slight  to  found  any  confident 
opinion  on  it.  The  aim  is  to  solve  phenomena  by  attrac- 
tion only,  as  if  it  were  of  more  easy  conception  than  repul- 
sion. Considered  merely  as  facts,  they  are  quite  on  a  par. 
The  appearances  of  nature  in  which  we  observe  actual  re- 
cesses of  the  parts  of  body  from  each  other,  are  as  distinct, 
and  as  frequent  and  familiar,  as  the  appearances  oi'  actual 
approach.  And  if  we  attempt  to  go  farther  in  our  con- 
templation, and  to  conceive  the  way  and  the  forces  by 
which  cither  the  approximation  or  recesses  of  the  atoms 
arc  produced,  we  must  acknowledge  that  we  have  no  con- 
ception of  the  matter  ;  and  we  can  only  say,  that  there  ia  a 
cause  of  these  motions,  and  we  call  it  a  force,  as  in  every 
case*  of  the  production  of  motion.     We  call  it  attraction 
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W€  repulsion  just  as  ive  happen  to  contemplate  an  access  or 
a  recess.  But  the  analogy  here  is  not  only  slight,  but 
imperfect,  and  fails  most  in  those  cases  which  are  most 
fibnplet  and  where  we  should  expect  it  to  be  mou  complete. 
"We  can  squeeze  water  out  of  a  sponge,  ii  is  true,  or  out  of 
a  piece  of  green  wood ;  but  when  tiic  white  of  an  egg,  the 
trcinella,  or  some  gums  swell  to  a  hundred  limett  their 
drj  dimensions  by  imbibing  water,  we  cannot  squeeze  out 
•m  particle.  If  fluiilitr  (for  the  reasoning  must  equally  apply 
to  this  as  to  vapourousne&s)  be  owing  to  an  accumulation 
of  the  extended  matter  of  fire,  which  gradually  expanded 
the  solid  by  its  very  minute  additions  ;  and  if  the  accumu- 
lation round  a  particle  of  icci  whicii  is  necessaiy  for  making 
it  a  particle  of  water^  be  so  great  in  comparison  of  what 
^ves  it  the  expansion  of  one  degree,  as  experiment  obliges 
us  to  conclude — it  seems  an  inevitable  consequence,  that  all 
fluids  should  be  many  Limes  rarer  than  the  solids  from 
which  they  are  produced.  But  we  know  that  the  difierence 
is  trifling  in  all  cases,  and  in  some  (water,  for  instance,  and 
iron)  the  solid  is  rarer  than  the  fluid. 

17.  Many  other  arguments  (eacli  of  them  perhaps  of 
little  weight  when  taken  alone,  but  which  are  all  systcai- 
atically  connected,)  concur  in  rendering  it  much  more  pro- 
bable that  the  matter  of  fire,  in  causing  elasticity,  acts 
unmediatcly  by  its  own  elasticity,  which  we  cannot  con- 
ceive in  any  other  way  than  as  a  mutual  tendency  in  its 
particles  to  rec<iie  from  each  other;    and  we  doubt  not 
but  that,  if  it  could  be  obtained  alone,  we  should  find  it 
an  elastic  fluid  like  air.     We  even  think  that  there  arc 
cases  in  which   it  is  observed  in  this  stale.     The   elastic 
force  of  gunpowder  is  very  much  beyond  the  elasticity  ol 
&U  the  vapours  which  are  produced  in  its  deflagration, 
«ch  of  them  being  expanded  as  much  as  we  can  reason- 
ably suppose  by  the  great  heat  to  which  they  are  exposed. 
t  exploded  some  gunpowder  mixed  with  a  coiibiderablc 
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portion  of  findj  powdered  qaartz»  and  soother  pan 
mixed  with  fmc  filing  of  cop|>cr.  The  elosticiiy  was  mee* 
lured  by  the  penetration  of  the  ball  which  was  discharged, 
mid  was  great  in  the  degree  now  mentioned.  Tl)e  ex- 
periment wai  &o  conducted,  that  much  of  the  quartx  and 
copper  was  collected;  none  of  the  quartz  had  been  melt- 
ed, and  some  of  the  copper  was  not  melted*  The  heat, 
therefore,  could  not  be  such  as  to  explain  the  elasticity 
by  expansion  of  the  vapours ;  and  it  became  not  impro- 
•bable  that  fire  was  acting  here  as  a  detached  chenii- 
'^cal  fluid  by  its  own  elasticity.  But  to  return  to  our 
;*«ubject. 

18.  There  is  one  circumstance  in  which  we  think  our 
Ncwn  experiments  shew  ii  remarkable  difference  (at  least  in 
[^degree)  between  the  condensible  and  incondensible  vapoun 
[t  is  well  known,  that  when  air  is  verj'  suddenly  expanded, 
!old  is  produced,  and  heat  when  it  is  sndtlenly  condensed. 
'When  making  experiments  with  the  hopes  of  discovering 
W)e  connection  between  the  elasticity  and  density  of  iho 
Vapours  of  boiling  water^  and  also  of  boiling  spirits  of  tar- 
peniinc,  we  fountl  the  change  of  density  accompanied  by  a 
change  of  temperature  vastly  greater  than  in  the  com  of 
[pincoercible  gases*  When  the  vapour  of  boiling  water  wn 
^suddenly  allowed  to  expand  into  five  times  its  bulk,  we 
observed  the  depression  of  a.  large  and  sensible  air  ther- 
mometer to  be  at  least  four  or  6vc  times  greater  than  in  a 
i-^imilar  expansion  of  common  air  of  the  same  temperature- 
The  chemicul  reader  will  readily  sec  reasons  for  expecting, 
on  the  contrary,  n  smaller  alteration  of  temperature,  both 
m  account  of  the  much  greater  rarity  of  the  fluid,  and  on 
Account  of  a  partiol  condensation  of  its  water,  and  the  con- 
■cquebt  disengagement  of  combined  heat. 

19-  This  diiference  in  the  quantity  of  fire  which  is  com« 
•bined  in  vapo^irs  and  gases  is  so  considornble,  as  to  au-> 
thorise  us  to  suppose  that  there  is  some  diflerence  in  the 
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coBsthntioo  of 


vapours 


and 


§«««. 


and  that  tlM 


between  the  specific  bascA  of  the  vapoor  and 


the  fire  which 


ibr 


contains^  is  not  the  same  m  air, 
*,  aft  m  the  vapour  of  boiling  water;  and  thift  differ- 
may  be  the  reA^on  why  the  one  is  easily  oondensSil* 
by  coidf  while  the  other  ha»  never  been  exhibited  in  a  U« 
quid  or  aolid  form,  except  by  means  of  its  chemical  nnioa 
with  other  substaoces.  In  this  particular  instance  wo  know 
thai  there  is  an  ccsential  difference ;  diat  in  vital  or  atmofr- 
pherie  air  there  it  not  only  a  prodigious  quantity  of  fire 
which  is  not  in  the  vapour  of  water,  bat  that  it  also  con« 
tains  light,  or  the  cause  of  light,  in  a  eonibined  Rtate.  This 
ia  ftdly  evinced  by  ibe  great  discovery  of  Mr  Cavendish  of 
the  coopoaitJod  of  water.  Here  we  are  taught  thai  water 
(and  consequently  its  vapour)  consi^tts  ot  air  irom  which  ihc 
Light  and  greatest  port  ot  the  fire  have  been  separated. 
the  sobscqucnc  discoveries  of  the  celebrated  Lavaisier 
r,  that  almost  all  ihc  condeiisible  gaftcs  with  which  we 
acquainted,  consist  either  of  airs  which  hare  already 
much  of  their  fire  (and  perhaps  lighi  too),  or  of  mat- 
in which  wc  have  no  evidence  of  fire  or  light  being 
m  this  manner. 
Tbia  cxmsideration  may  go  &r  in  explaining  this  di/Ter-* 
in  the  oondeusibility  of  these  different  6}>ecie6  of  aerial 
the  gases  and  the  vapours  ;  and  it  is  with  this  qua^ 
Bficatioo  only  that  we  are  disposed  to  allow  tlmt  all  bodiea 
Gondcnsiblc  into  liquids  or  solids  by  abbtracting  the 
In  order  that  vital  air  may  become  liquid  or  solid, 
we  hold  that  it  is  not  sufficient  iliat  a  body  be  presented  to 
it  which  shall  simply  abstract  its  heat.  This  would  only 
abstract  its  uncombined  ^ire.  But  another  and  much  kr- 
gor  portion  remains  chemically  combined  by  means  of 
light.  A  chemical  ofBoity  must  be  brought  into  action 
which  may  abstract,  not  the  fire  from  the  oxygen  (to  speak 
dte  iangsage  of  Mr  Lavoisier),  but  tlie  oxygen  from  the 
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Bre  and  Kght,  And  our  production  ia  not  the  detached 
bmis  of  air,  but  detached  lieat  and  light,  and  the  Ibrmation 
of  an  oxide  of  some  kind. 

To  prosecute  the  chomicnl  consideration  of  Steams  far- 
Uier  than  the<ie  general  observations,  which  are  applicable 
to  all,  would  be  almost  to  write  a  treatise  of  chemistry,  and 
would  be  a  repetition  of  many  things  which  hare  been 
treated  of  in  sufficient  detail  in  other  articles  of  lliis  work. 
We  shall  therefore  conclude  this  article  irith  some  other 
observations,  which  are  also  general,  with  respect  to  the 
different  kinds  of  coercible  vapours,  but  which  have  a  par- 
ticular relation  to  the  following  article* 

20.  Steam  or  vapour  is  an  elastic  fluid,  whose  eUisticity 
balances  the  pressure  of  the  atmosphere ;  and  it  has  been 
produced  from  a  solid  or  liquid  body  raised  to  a  bufficicnt 
temperature  Jbr  giving?  it  this  elasticity  ;  tJiat  is,  for  causing 
the  fluid  to  boiL  This  temperature  must  vary  with  the 
pressure  of  the  air.  Accordingly  it  is  found,  that  when 
the  air  is  light  (indicated  by  the  barometer  being  low),  the 
fluid  will  boil  sooner.  When  the  barometer  stands  at  30 
inches,  water  boils  at  the  temperature  211^".  If  it  stands 
so  low  as  ^8  inches,  water  will  boil  at  208  J.  In  the  plains 
of  Quito,  or  at  Gondair  in  Abyssinia,  where  the  barome- 
ter stands  at  about  21  inches,  water  will  boil  at  195**- 
Highly  rectified  alcohol  will  boil  at  J(iO®,  and  vitriolic 
ether  will  boil  at  8»*^  or  89°.  This  is  a  temperature  by  no 
means  uncommon  in  tliese  places ;  nay,  the  air  is  frequently 
warmer.  Vitriolic  ether,  therefore,  is  a  liquor  which  can 
hardly  be  known  in  those  countries.  It  is  hardly  possible 
to  preserve  it  in  that  fbrm«  if  a  phial  have  not  its  stopper 
firmly  tied  down,  it  will  be  blown  out,  and  the  liquor  will 
l)oil  and  be  dissipateii  in  steam.  On  the  top  of  Chimbora- 
^o,  tlic  iiuman  bipod  must  be  dispo&ed  to  form  ^iipuur  or 
Gteam* 

21.  We  said  some  time  ago*  that  we  had  concluded. 
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experiments  nude  in  the  receirer  of  wi  air- 
tlut  fl«ids  tioil  lA  vacuo  ml  a  temperature  nearly  1-0 
degren  lower  than  ifa«t  neoeminr  (or  their  bailing  in  the 
ftir.  i)ut  we  DOW  see  Otat  this  most  have  been  but  a 
Lgiuii  approximation ;  for  in  these  experiments  the  fluidi 
|were  boiling  under  ilie  pressure  of  the  vapour  which  they 
tf>rodoced,  and  which  could  not  be  abstracted  by  working 
the  pomp.  It  appears  from  the  experiments  of  Lord 
dttria  Cavendish,  (1760)  mentioned  in  the  article  Pneu- 
matics, that  water  of  the  temperature  7«°  was  converted 
IdIo  dutic  vapour,  which  balanced  a  pressure  of  j^ths  of  an 
bicfa  of  mercury,  and  in  this  slate  it  occupied  the  receiver, 
•ttd  did  Dot  aJlow  the  mercury  in  the  gnnge  to  sink  to  the 
Icv^  As  &it  as  this  was  abstracted  by  working  the  air- 
pauipr  more  of  it  was  produced  from  the  surface  of  the  wa- 
ter, so  that  the  pre^ure  continued  the  same,  and  tlie  water 
did  not  boiL  Had  it  been  posftibic  to  pnuluce  a  vncuum 
above  this  water,  it  would  have  boiled  for  a  moment^  and 
vottld  even  ha%'e  continued  to  boil,  if  the  receiver  could 
Ikavc  been  kept  very  cold. 

S£.  Upon  reading  these  experiments,  and  some  very 
carious  ones  of  Mr  Naime,  in  the  Phil.  Trans.  (1777,)  I 
was  induced  to  examine  more  particularly  the  rektiou  be- 
tween Ifie  temperature  of  vapour  and  its  elasticity,  in  the 
following  manner : 

ABCD  (Fig.  '2.)  is  the  section  of  a  small  digester  made 
of  copper.  Its  lid,  which  is  fastened  to  the  body  with 
•crews,  is  pierced  with  Uiree  holes,  each  ol  which  had  a 
■Diall  pipe  soldered  into  it.  The  firiit  hole  was  furnished 
with  a  brass  safety-valve  V,  nicely  fitted  to  it  by  grinding. 
The  area  of  this  valve  was  exactly  jth  of  an  inch.  There 
rtalcd  on  the  tialk  at  the  top  of  this  valve  the  arm  of  a  steel* 
yvd  carrying  a  sliding  weight.  This  arm  had  a  scale  of 
Hfud  parts,  so  axljtisted  to  the  weight,  that  the  number  on 
the  Male  corresponded  to  the  inciies  of  mercury,  whos« 
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pt^sure  on  the  under  surface  of  the  valre  i»  equal  to  lha% 
of  ihe  steelyard  on  its  top ;  so  that  when  the  weight  w-a« 
at  the  diviiion  10,  the  preMure  of  the  steelyard  on  U» 
valve  was  ji^st  equal  to  thai  of  a  column  of  mercury  10 
inches  high,  and  ^ih  of  an  inch  base.  The  middle  hole 
contained  a  thermometer  T  firmly  fixed  into  it»  so  tltat  no 
vapour  con!d  escape  by  its  sides.  The  ball  of  this  thermo- 
meter was  but  a  little  way  below  the  lid.  The  third  bote 
jeceived  occasionally  the  end  of  a  glass  pipe  SGF,  whose 
descending  leg  was  nbotit  S6  inches  lonp.  When  this 
ayphon  was  not  used,  the  hole  was  properly  shut  with  a 
plug. 

The  vessel  was  half  filled  with  distilled  water  which  had 
been  purged  of  air  by  boiling.  The  lid  was  then  fixed  on, 
having  the  third  hole  S  plugged  up.  A  lamp  being  placed 
nnder  the  vessel,  the  water  boiled,  and  the  steum  issued  oo* 
piously  by  the  safety-valve.  The  thertfiometer  stood  at 
^15,  and  a  barometer  in  ihe  room  at  SP.9  inches.  The 
*'eight  was  then  put  on  the  fillh  division.  The  thermome- 
ter immediately  began  to  rise;  and  when  it  was  at  ^2fiO,  tbe 
•team  issued  by  the  sides  of  the  valve.  The  weight  wai  re- 
moved to  the  1 0th  division  ;  but,  before  the  therraomet^r 
could  be  distinctly  observed,  the  steam  was  issuing  at  the 
VAiVe*  The  lamp  was  removed  farther  from  the  bottom  of 
the  vessel,  that  the  progress  of  heating  might  bb  more  mo- 
derate ;  and  when  the  steam  cea8e<l  to  issue  from  the  talve, 
the  thermometer  was  at  ^17,  The  weight  was  now  stilted 
•o  15 ;  and,  by  gradually  approaching  tl»e  lamp,  die  steam 
Igain  issued,  and  the  thermometer  was  at  2:54i.  This 
mode  of  trial  was  continued  all  the  way  to  the  7^tli  divi- 
sion of  the  Bcalew  The  expeiimentB  were  then  repeated  In 
the  contrary  order;  that  is,  the  weight  being  susjjended  at 
the  75ili  division,  and  the  steam  issuing  strongly  at  the 
valve,  the  lamp  was  withdrawn,  and  the  moment  the  steam 
twwcd  to  come  out,  the  thermoiBeter  was  observed.    The 
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from  some  exporiroents  made  in  the  receiver  of  an  air- 
pump,  thai  fliiiiis  boil  in  vacuo  at  a  temperature  nearly  120 
de^ees  lower  than  that  necessary  for  their  boiling  in  the 
open  air.  But  we  now  see  that  this  must  have  been  but  a 
|po«8  approximation  ;  for  in  these  experiments  the  fluids 
Tre  boiling  under  the  pressure  of  the  vapour  which  they 
produced,  and  which  could  not  be  abstracted  by  working 
the  pump.  It  apf)ear6  from  tlie  ex|)eriment6  of  Lord 
Charles  Cavendish,  (1760)  mentioned  in  the  article  Pneu- 
matics, that  water  of  the  temperature  72"  was  converted 
mto  elastic  vapour,  which  balanced  a  pressureof  Jthsof  an 
inch  of  mercury,  and  in  this  state  it  occupied  the  receiver, 
and  did  not  allow  the  mercury  in  the  gauge  to  sink  to  the 
level  As  fast  as  this  wab  abbiracted  by  working  the  air- 
pump,  more  of  it  was  produced  from  the  surface  of  the  wa- 
ter, so  that  the  pressure  continueil  the  same,  and  the  water 
did  not  boil.  Had  it  been  possible  to  produce  a  vacuum 
Above  this  water,  it  would  have  boiled  for  a  moment,  and 
would  even  have  continued  to  boil,  if  the  receiver  could 
have  been  kept  very  cold. 

82.  Upon  reading  these  experiments,  and  some  very 
curious  ones  of  Mr  Nairne,  in  the  Phil.  Trnns.  (1777,)  I 
was  induced  to  examine  more  particularly  the  relation  be- 
tween the  temperature  of  vapour  and  its  elasticity,  in  the 
foUowin^  manner : 

ABCD  (Fig.  2.)  is  the  section  of  a  small  digester  made 
of  copper.  Its  lid,  which  is  fastened  lo  the  body  with 
■crews,  is  pierced  with  three  holes,  each  of  which  had  ft 
null  pipe  soldered  into  it.  The  iirnt  hole  was  furnished 
with  ft  brass  *atety-valve  V,  nicely  fitted  to  it  by  grinding. 
The  area  of  this  vnlve  was  exactly  4th  of  an  inch.  There 
rested  on  the  stalk  at  the  top  of  this  valve  the  arm  of  a  stee1« 
jard  carrying  a  sliding  weight.  This  arm  had  a  scale  of 
eqaa]  parts,  so  adjusted  lo  the  weight,  that  the  number  on 
the  scale  corresponded  to  the  inches  of  mercury,  whose 
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lowed  to  grow  cold.  By  this  the  steam  was  graduallj  oon- 
densedy  and  the  mercury  rose  in' the  syphon,  without  sen- 
sibly sinking  in  the  saucer.  The  valve  and  all  the  joints 
were  smeared  with  a  thick  clammy  ,cement,  composed  of 
oil^  tallow,  and  rosin,  which  efl^ually  prevented  all  ingress 
of  air.  The  weather  was  clear  and.  frosty,  and  the  baro- 
meter standing  at  29.84,  and  the  thermometer  in  the  vessel 
at  42**.  The  mercury  in  the  syphon  stood  at  tt9.7,  or  some- 
what higher,  thus  showing  a  very  complete  condensation. 
The  whole  vessel  was  surrounded  with  pounded  ice^  of  the 
temperature  32°-  This  made  no  sensible  change  in  the 
height  of  the  mercury.  A  mark  was  now  made  at  the  sur- 
face of  the  mercury.  One  observer  was  stationed  at  the 
thermometer,  with  instructions  to  call  out  as  the  thermo- 
meter reached  the  divisions  42,  47,  52,  57,  and  so  on  by 
every  five  degrees  till  it  should  attain  the  boiling  heat. 
Another  observer  noted  the  corresponding  descents  of  the 
mercury  by  a  scale  of  inches,  which  had  its  beginning 
plaiced  at  29.84  from  the  surface  of  the  mercury  in  the 
saucer. 

The  pounded  ice  was  now  removed,  and  the  lamp  placed 
at  a  considerable  distance  below  the  vessel,  so  as  to  warm 
its  contents  very  slowly*  These  observations  being  very 
easily  made,  were  several  times  repeated,  and  their  meaa 
results  are  set  down  in  the  following  table ;  Only  observe, 
that  it  was  found  difficult  to  note  down  the  descents  for 
every  fifth  degree,  because  they  succeeded  each  other  so 
fast  Every  lOth  was  judged  sufficient  for  establishing  the 
law  of  variation*  The  first  column  of  the  table  contains  the 
temperature,  and  the  second  the  descent  (in  inches)  of  the 
mercury  from  the  mark  29*84. 
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EkHicii^ 

S2*> 

0.0 

40 

oa 

50 

0.2 

60 

0.35 

70 

0.55 

80 

0.82 

90 

1.18 

100 

1.61 

110 

2.25 

120 

d.oo 

ISO 

S.95 

140 

5.15 

150 

6.72 

160 

8.65 

170 

11.05 

180 

14.05 

190 

17.85 

200 

22.62 

210 

28.65 

ST 


Foar  or  five  numbers  at  the  top  of  the  column  of  elasti- 
cities arc  not  so  accurate  as  the  others,  because  the  mer- 
cory  passed  pretty  quickly  through  these  points.  But  the 
progress  was  extremely  regular  through  the  remaining 
points;  so  that  the  elasticities  correq>on(ling  to  tempera- 
tures above  70°  may  be  considered  as  very  accurately  asccr* 
tained. 

Not  being  altogether  satisfied  with  the  method  employ- 
ed for  measuring  the  elasticity  in  temperatures  above  that 
of  boiling  water,  a  better  form  of  experiment  was  adopt- 
ed. (Indeed  it  was  the  want  of  other  apparatus  which 
made  it  necessary  to  employ  the  former.)  A  glass  tube 
was  procured  of  the  form  represented  in  Fig.  3.  having  a 
little  cistern  I^  from  the  top  and  bottom  of  which  proceed- 
ed the  syphons  K  and  MN.  The  cistern  contained  mer- 
cury, and  the  tube  MN  was  of  a  ilender  bore,  and  was 
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aboat  six  feet  tiro  indies  long,  The«nd  K  wu  firmly  fixed 
in  the  thind  hole  of  the  lid,  and  the  long  kg  of  the  syphon 
was  furnished  with  a  scale  of  inches,  and  firmly  festened  to 
an  upright  post. 

The  lamp  was  now  applied  at  such  a  distance  from  the 
vessel  as  to  warm  it  slowly,  and  make  the  water  boil,  the 
steam  escaping  for  somie  time  through  the  safety-valve.  A 
heavy  weight  was  then  suspended  on  the  steelyards  such 
pn  it  was  known  diat  the  vessel  would  support,  and,  at  the 
same  time^  such  as  would  not  allow  the  steam  to  force  the 
mercury  out  of  tibe  long  tube.  The  dtermometcr  b^gan 
immediately  to  rise,  as  dso  the  mercury  in  the  tube  MN. 
Their  correspondent  stations  are  marked  in  the  following 
table  :^ 


Temperature. 
2i^ 

ElastkH^ 
0.0 

220 

5.9 

2S0 

14.6 

24^ 

25.0 

250 
960 

36.9 
5a4 

270 
280 

64.2 
■76.0 

.  1^  form  of  die  experinKnt  is  nadh  mors  susceptible 
of  accnracy  than  the  other,  and  the  measures  of  elasticity, 
are  more  to  be  depended  on.  In  repeating  the  expeii- 
ment,  ttiey  were  found  much  more  constant ;  whereas,  in 
the  former  method,  difierences  occnrred  of  two  inches  and 
upwards. 

We  may  now  connect  the  two  sets  of  eKperimcnts  «»- 
to  i>ne  table^  by  adding  to  die  Bumben  in  this  last  taA>)e 
ibe  constant  height  S9.9,  which  was  the  height  of  the 
mercury  in  the  barometer  diuing  the  but  set  oC  obsernK 
Uons. 
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EiaHidty. 

52« 

0.0 

40 

0.1 

50 

0.2 

60 

0.35 

ro 

0.55 

80 

0.82 

90 

1.18 

100 

1.6 

110 

2.25 

120 

3.0 

ISO 

3.95 

140 

5.15 

150 

6.72 

160 

8.65 

170 

11.05 

180 

14.05 

190 

17.85 

200 

22.62 

210 

28.65 

220 

S5.8 

230 

44.5 

240 

54.9 

250 

66.8 

260 

80.S 

270 

94.1 

280 

105.9  • 

w 


*  "  ExperimenU  on  this  aobject  haTe  been  published  by  Mr  De  BeUn- 
comt,  (see  Pnmy  Arch.  Hydnulique)  by  Mr  Schmidt,  and  by  Mr  Daltsn, 
(tee  lAsnchester  Memoirs). 

••  In  the  winter  1764-5, 1  made  experiments  at  Glasgow  on  the  rabject,  in 
the  course  of  my  endeavours  toimprofc  the  steam-engine,  and  as  I  did  not 
then  think  of  any  timple  method  of  trying  the  elasticities  of  steam  at  tempo* 
ntaret  less  than  that  of  boiling  water,  and  had  at  hand  a  digester  by  which 
the  elasticities  at  greater  beats  could  be  tried,  I  considered  that,  by  establish* 
ing  the  nrtSot  in  which  thej  proceeded,  the  elasticities  at  lower  heatt  might 
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taapentare  SS""  to  212^    Tbey  agree  extremely  well 
vith  those  mentiooed  liere^  raxely  differing  more  than  two 


end  of  the  Cubt:  beMx  *hut  by  the  6nger>  the  vatec 
Mceaded  into  ihq  bell.  Bori  ibe  tnercurj  occupied 
the  tube.  The  lower  end  of  the  letter  being  then 
placed  in  a  cistern  6f  mercury,  and  released  from 
the  finger,  the  mercury  and  water  dcKcnded,  and 
the  ball  was  left  partly  empty  :  being  agitated  io 
thia  position,  and  let  stand  tome  time,  noch  air 
was  extricated  ftom  the  water)  the  tube  «at  in* 
clined  as  much  as  it  could  be,  asd  again  mrerrcd* 
the  air  let  out»  and  its  place  *upplied  with  hailing 
water.  It  waa  again  placed  with  the  ball  npper- 
moit,  the  end  of  the  tube  stopt,  the  pan  filled  with 
hot  water  which  was  made  to  boil  by  meana  of  a 
lamp,  the  lower  end  of  the  tube  being  placed  in 
the  cistern,  and  released  from  the  finger,  the  mer- 
cury descended  into  the  cistern,  but  upon  the  wa- 
ter in  the  pan  being  suffered  to  cool,  partly  rose 
again  into  the  lube.  Much  air  waa  thus  liberated, 
and  more  was  got  rid  of  by  agitatjoD,  in  the  man- 
ner of  the  water-hammer,  and  by  leafing  it  stand- 
ing for  aorae  tine  erect,  until  at  last  ff  ot  it  so  free 
from  air,  that  when  1  raised  it  upripfat.  It  support- 
ed a  cdumn  of  mercury  54  inches  high ;  and  no 
TacQura  was  formed  until  it  was  noleotly  shaken, 
when  it  fell  ddwn  suddenly  and  sealed  at  98.75 
inches,  but  upon  being  inclined,  a  speck  of  air  al- 
ways remained,  though,  when  it  was  expanded  by 
a  pillar  of  misrcury  27  inches  high,  this  speck  was 
not  larger  than  a  pin's  bead.* 


*  "  I  was  much  assisted  in  the  means  of  freemg  th« 
water  from  air  by  Mr  D«  Luc's  very  raluable  Trea- 
tise upon  the  Modifications  of  the  Atmosphere^ 
which  came  to  my  hands  alwut  this  time ;  but  I 
had  not  the  pleasure  of  meeting  the  author  until 
long  afterwards,  when  we  commenced  a  friendship 
which  has  continued  uninterrupted  to  the  present 
time."  W. 
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or  threo-tenths  of  an  inch*  He  also  examined  the  olaati* 
city  of  the  vapour  produced  from  alcoholf  and  founds 
that  when  the  elafidcity  was  equaJ  to  that  of  t})e  va|>oar 
of  water,  the  temperature  wos  about  35**  lower.  Thus, 
when  the  elasticity  of  both  waa  measured  by  28.1  inches 
of  mercury,  the  temperature  of  the  watery  vapour  was 
209%  and  that  of  the  spirituous  vapour  was  173°.     When 


"  In  Ibii  iiKte.  wh«  the  tube  was  prrpcnd'tcular.  I  foiuid  the  mtreury 
•Und  •!  18.73  inchoj  the  coluntn  of  water  above  it  wiu  about  0|  inc(itit«^ 
kftlf  an  inch  of  mercury.  The  whole  then  being  t9.i5  inches  when  lh« 
tiouarj  huroiDtitcr  iiood  at  fi9.'>,  ilu)  dUTerence,  or  pillar  fapporleil  b/ tfca 
elaftticit^  of  the  iteatii  =»0.15  inch.  The  water  in  the  pun  wai  \h«u  )t<at««l 
exofedinfl^  liowlj  by  a  l*mp.  a»d  ilirred  cootinually  bj  »  feailicr  t(i  maV» 
liitt  be«t  aa  equftJ  m  poutble.     Tba  reuilu  axe  fthewB  in  ih«  follovtog  T*tJe. 
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a 

'% 

15 
'C 

§ 

1 

1 

'3 

X 

2 

z 

X 

1 

si 

Incbr*. 

tnchea. 

lachei. 

o 

Inchn. 

ais 

135 

4.53 

167 

11.07 

187 

17.5] 

74 

ac5 

149 

5.46 

ITS 

11.95 

189 

18L45 

SI 

ObSO 

148 

&40 

175 

19LB8 

191 

19.38 

as 

1.30 

153 

7.325 

177.5 

13.81 

I93J5 

9034 

104 

K75 

157 

8.25 

180 

14.73 

196*5 

9UW 

us 

a.6S 

161 

9J8 

18fi.5 

15.66 

|l98 

9^90 

164 

10.10 

195 

l«.5fi 

**  At  this  time  (1774)  1  tried  a  set  of  cvpcrisienta  ta  the  same  mititMr  vm 
a  Hturafed  solution  of  common  aalt.  When  thii  lolntion  vmi  perlectlj  satu- 
rated hy  boilin|f«  and  wai  put  into  the  inbe,  it  prrcipilated  a  quantity  of  MJt 
which  disturbed  the  experiment.  1  wai  iherefore  obliged  tu  take  il  oiK^  Aod 
filler  it,  during  which  prooeis  it  allrocted  moisture  from  fhe  air,  and  opprvred 
by  in  bviling  point  not  to  be  perfectly  satumled.  Though  it  wa»  morp  free 
from  air  than  water  ii,  yet  it  parted  from  what  it  contaioed  with  great  diA- 
cnlty,  and  would  part  with  none  when  thalten  as  a  water- ha mtner,  thougfi  It 
Bpeucd  In  all  parts  of  llie  licjoor.  The  reiulc  of  lhi»  experiment  ti  coataiocd 
iu  the  aneied  Table. 
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die  riMrifity  vas  lft.5t  the  tenperatore  of  the  wmter  wm 
189^  and  that  of  the  alcohol  15i^.    When  the  dasticitgr 
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1 
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X 
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1 

1 

o 
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Inchet. 

46 

0^1 
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iLS6 

187 

12^7 

m 

2a86 

76 

036 

160 

6.27 

193.5 

14.5 

810 

31.8 

as 

(X58 

165 

7^ 

195.5 

J5^ 

313 

33.74 

9S 

0^1 

169 

6.13 

198.5 

16.35 

314 

33.66 

US 

1.7S 

173 

9.03 

901.5 

17.16 

816 

34.6 

199 

&63 

177 

9.94 

903^ 

18.1 

318 

S5.5S 

139 

3.54 

180 

10.85 

205.5 

19.03 

330 

36.5 

147 

4.45 

183 

11.76 

207 

1994 

is  the  Mnf  maniKr  I  tried  a  if  t  of  nperimcnU  upon  spirit  of  wine,  the 
««lu  of  which  are  contained  in  the  annexed  Table> 

TABLE,  Ko.lir. 
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X 

a 

X 

H 

0 
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34 

a29 

120 

7.12 

146.5 

15.03 

164 

32.59 

40 

0L929 

124^ 

8.46 

148.5 

15.974 

166 

23.53 

67 

1.897 

128 

9.4 

151 

16.908 

167 

24.47 

84 

2.806 

132 

10.34 

153J 

17.85 

168 

25.4 

S5 

3.744 

135 

11.32 

155 

]8.8 

169 

26.35 

103 

4.728 

139 

12.21 

157 

19.75 

171 

27.3 

110 

5.63 

141J 

13.15 

160 

saTi 

Stat.  Ba 

IT.  29^ 

114 

6»58 

144 

14.1 

162.5 

21.65 

**  upon  considering  the  probable  cause  of  the  difference^  cspeciallj  in  the 

lower  heus,  between  ray  experiments  and  tbose  of  Mr  Southern,  related  in 

lu«  letter  annexed  to  this  essay,  I  can  only  reconcile  them  by  supposing  that 

4he  stationary  barometer  witb  which  the  comparisoo  was  made,  had  its  teal* 
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Ifaa  11.05,   the  water  was  168°,  and  the  okohol  ISi**.*. 
Obaerving  the  difTcrcncc  between  the  temperature  of  eqnal- 


ptic«d  O.X  of  an  iuch  too  lowr  nod  b^  «ddmg  thtt  cjuaniity  to  ibc  eluLieiuet 
la  Table  Ur^  tlic-y  spproacb  neorlj  to  Mr  Southern *t  expcrimeuls. 

"  U  that  conjecture  is  adopted,  Ihe  Mine  addition  will  be  necessary  to 
Tables  td  and  3t\,  u  thej  were  compared  with  tbe  Minr  stationary  baroiiieccr. 

"  To  determine  the  beau  at  wbicli  water  boils  wbcn  pressed  bj  columns  of 
mercury  above  JO  indies,  a  tube  of  55  iucbes  long  was  employed  ;  one  end 
was  put  through  a  hole  in  the  roTcr  of  a  di^rstcTi  aud  made  tijht  by  being 
lapped  round  with  pB|>cr,  and  within  tbe  digester  the  end  of  the  tube  w%« 
immersed  ui  a  cistern  of  luercury.  A  iherraoiucicr  was  Died  in  another  open- 
ing, fto  ibaC  the  bulb  was  lu  the  inside  of  tbe  digester,  and  the  sicm  and  scale 
without ;  and  Uic  bulb  was  kept  half  an  inch  from  the  cover  of  tbe  digester 
by  a  wooden  collar.  Tlie  cover  being  fited  on  tight,  and  the  dlgeiUr  half 
filled  with  water,  it  was  heated  by  means  of  a  large  lamp. 

"  The  air  in  the  upper  part  of  the  digester  eipanding  by  heat,  tbe  column 
of  mercury  in  the  tube  wa^  considerably  raised  by  that  expansion  before  the 
water  boiled.  The  air  was  let  out,  and  the  water  heated  to  boiling  ^  still, 
however,  some  air  reniatiied,  for  the  mercury  stood  at  71)^4'  That  deduc- 
tion being  made,  the  followiag  Table  shows  tbe  hcau  and  corrcspomljiig 
cltsticiiies. 
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54 
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72 
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56 

26C*5 

74 
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S5 
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44 
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58 
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76 

323.5 

S6 

*i36J 

45 

252.5 

60 

269.5 

78 

335 

37 

W7J 

46 

2.W 

62 

271 

ao 

Sfi6^ 

3fl 

y3fl^ 

47 

fiS7 

64 

27-2^ 

83 

«'  Tn  malting  these  eiperimenu,  the  digester  was  heated  very  slowly*  ■ii4 
the  heat  was  kepi  ktattonary  as  much  as  waa  possible  at  each  obsrrvalioo*  so 
that  the  whole  scries  occupied  tome  faours.  The  degrees  of  cIo>ticity  wore 
obierved  by  my  friend  Dr  IrvinCj  whilst  I  observed  those  of  the  thermome- 
ter m  all  the%c  eiperunents. 

*•  With  the  whole  of  the  uhsrrvalions,  I  was,  after  all,  by  no  roeoiu  satis- 
fied, as  I  perceived  there  were  inegularitin  m  the  results  which  my  m«CB 
urgent  ivocaiioiis  did  uoi  permit  me  to  ex{<lore  [he  causes  of  uid  to  coircci* 
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tjthadc  yttp<AMn  of 'water  And  alcohol  not  to  be  constanti 
gradaally  to  dimmish,  in  Mr  Achard's  expcriment»y 
irith  ifac  cListidtj,  it  became  interesting  to  discover 
%  And  at  what  temperature^  this  difference  would 
^^oBub  aJtogetber.     Experiments  were  accordingly  made 
by  the  writer  of  this  article,  aimilar  to  those  made  with  wa- 
ter.    They  were  not  made  with  the  same  scrupulous  care^ 
np«At«d  as  tliey  deserved,  but  they  furnished  rather  an 
lexpMCed  result.     The  following  table  will  give  the  read- 
m  dklinct  notion  of  them  : 


Tfrnptraiurt, 

EiaHicitifm 

32** 

CO 

40 

ai 

60 

0.8 

80 

1.8 

100 

9.9 

ISO 

6,9 

140 

K.2 

]60 

di.s 

180 

S^. 

SCO 

59> 

9/^0 

78.S 

S40 

11  A. 

*'  Tbe  malter  remaiDcd  in  that  slate  till  1796,  wlieo  1  requested  Mr  Soulb- 
«ni  to  try  ifacm  over  agaia,  in  tlte  \>etioTmnnee  of  which  he  was  assisted  hf 
Ur  iraiiaB  Creighton.  The  results  af  ihr»e  obtervatiuna  are  contained  in 
MiSoiUhtni't  tetter  to  ue,  which  follavrt  ihu  nemoir  i  auri,  from  tb«  very 
grcac  care  with  winch  the  eipcriiiMuts  were  made*  the  known  accuracy  of  bolii 
Mr  Soathem  and  Mr  Crrighton,  and  the  ngreemcnt  ot'  iht*  experiments  with 
dOC  aooihcr,  I  have  reason  to  believe  tlieni  as  nearly  pcrfrct  as  the  subject 
admits  of.  The  method  he  adopted  of  trytitg  ilie  eluticitici  nborc  tlie  ten* 
^ovalnia  of  bollLnj  irater  b^  a  piston,  accurately  fitted  to  •  ejlinder,  is  nmcb 
la  be  preferred  tu  that  adapted  by  £>i  RabisoUv  a«d  is  more  waaagoablo  BB- 
d«r  jTcat  elasticities  than  ibat  of  a  long  pillar  of  mcrcary."   W. 
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^4>  We  6&y  (hat  the  result  was  unexpected  -,  for  as  the  na- 
tural boiling  point  seemed  by  former  experiments  to  be  in  all 
fluids  about  120%  or  more^  below  their  boiling  point  in  the 
ordinary  pressure  of  the  atmosphere,  it  was  reasonable  to 
expect  that  the  temperature  at  which  they  ceased  to  emit 
sensibly  clastic  steam  would  have  some  relation  to  their  tecor 
peratures  when  emitting  steam  of  any  determinate  elasti- 
city. Now  as  the  vapour  of  alcoliol  of  elasticity  30  baa 
ita  temperature  about  SG°  lower  than  the  temperature  of 
water  equally  elastic,  it  was  to  be  expected  that  the  icra- 
perature  at  which  it  ceased  to  be  sensibly  atfected  would 
be  several  degrees  lower  than  52''.  It  is  evident,  bowcven 
that  this  is  not  the  case.  But  this  is  a  point  that  deserves 
more  attention^  because  it  is  closely  connected  with  the 
chemical  relation  between  the  element  (if  such  there  be)  of 
fire  and  the  bodies  into  whose  compobitlon  it  becms  to  enr 
tcr  as  a  constituent  part.  What  is  the  temperature  S2% 
to  make  it  pecuharly  connected  with  elasticity  ?  it  ift  a  tem- 
perature assumed  by  us  for  our  own  conveuiency,  on  ac- 
count of  the  familiarity  of  water  in  our  experiments.  Ether, 
we  know,  boils  in  a  temperature  far  below  this,  as  appears 
from  Dr  Cullen*s  experiments  narrated  in  the  Essays  Phy- 
sical and  Literary  of  Edinburgh.  On  the  faith  of  former 
experiments,  we  may  be  pretty  certain  that  it  will  boil  ia 
vacuo  at  the  temperature — 14%  because  in  the  air  it  boil* 
af +106^  Therefore  we  may  be  certain,  that  the  steam 
or  vapour  of  ether,  when  of  the  temperature  32°,  will  be 
very  sensibly  clastic.  Mr  Lavoisier  says,  that  if  it  be  ex- 
posed in  an  exhausted  receiver  in  winter,  its  vapour  will 
support  mercury  at  the  height  of  10  inches.  A  series  of 
experiments  on  this  vapour,  simitar  to  the  above,  would 
be  very  instructive.  We  even  wish  that  those  on  alcohol 
were  more  carefully  repeated.  If  we  draw  a  curve  line,  qf 
which  the  abscissa  is  the  line  of  temperatures,  anil  the  or- 
dinates  are  the  corresponding  heights  of  the  mercury  in 
these  experiments  on  water  and  alcohol,  we  shall  observe^ 
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that  flllhough  they  both  sensibly  coincide  at  3S%  and  have 
the  mbKissa  for  their  common  tangent,  a  very  small  error 
of  observation  may  be  the  cause  of  this,  and  the  curve  which 
expresses  the  elafiticity  of  spirituous  vapour  may  really  in- 
tened  the  other,  and  go  backwards  considerably  beyond 

^5.  This  ran^  of  experiments  gives  rise  to  some  curious 
and  unportant  reflections.  Wc  now  aec  ihnt  no  pariiculor 
temperature  is  necessary  for  water  assuming  the  iorm  of  per- 
mftnendy  cltu^tlc  vapour,  and  timt  it  \b  hig])ly  probable  that 
it  astames  tiiis  form  even  at  the  temperature  3^°  ;  only  ita 
elasticity  is  too  small  to  afford  us  any  sensible  measure.  It 
is  well  known  thiiL  even  ice  evaporates  (see  experiments  to 
this  purpose  by  Mr  V\Ml&on,  in  the  i'hilobophical  Transac- 
tionsy  when  a  piece  of  polis)ted  metal,  covered  with  hoar- 
frost, became  perfectly  clear  by  exposing  it  to  a  dry  frosty 

wiud.)- 

Even  mercurj'  evaporates,  or  is  converted  into  elastic 
vapour,  when  all  external  pressure  is  removed.  The  dim 
film  which  may  frequently  be  observed  in  the  upper  part  of 
a  barometer  which  stands  near  a  stream  of  air,  is  found  to 
be  small  globules  of  mercury  sticking  to  the  inside  of  the 
tube.  They  may  be  seen  by  the  help  of  a  magnilying  glass, 
and  are  the  best  test  of  a  welt-made  barometer.  They  will 
be  entirely  removed  by  causing  the  mercury  to  rise  along 
the  lube.  It  will  lick  them  ali  up.  They  consist  of  mer- 
cury which  had  evaporated  in  the  void  space,  and  was  af- 
terwards condensed  by  the  cold  glass.  But  the  elasticity  is 
too  aniall  to  occasion  a  sensible  depression  of  the  column, 
even  when  considerably  warmed  by  n  candle. 

S6.  Many  philosophers  accordingly  imagine,  that  sponta- 
Deoua  evaporation  in  low  temperatures  is  produced  in  this 
aray.  But  we  cannot  be  of  this  opinion,  and  must  etill 
think  that  this  kind  of  evaporation  is  produced  by  the  dls- 
aolving  power  of  the  air.  When  moist  air  is  sudenly  rare- 
£ed«  thcxe  ia  ahv^ys  a  precipitation  of  water.    This  is  most 
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dlrtinctiy  seen  wbcn  we  work  an  air*punip  bniklj*  A  miii 
is  produced^  which  w«  see  plainly  fall  to  the  bottom  of  ih» 
receiver.  Buty  by  this  new  doctrine,  the  very  toutimif 
fi}ioiild  hfippcn^  because  the  tendency  of  water  to  appaur  in 
the  clastic  form  is  promoted  by  removing  the  exterflfll  ptm^ 
ure  j  and  we  really  imagine  tliat  more  of  it  now  actually 
becomes  simple  elastic  watery  vapour.  But  the  mist  or 
precipitation  shows  incontroTcrtibly,  that  there  had  beca 
a  previous  solution.  Solution  is  performed  by  forces  which 
act  in  the  way  of  attraction ;  or,  to  express  it  more  safdy^ 
solutions  are  accompanied  by  the  mutual  approaclics  o£tktB 
particles  of  the  menstruum  and  solvend :  all  sucii  teudcai* 
cies  are  ob$ervcd  to  increase  by  a  diroinution  of  distas»cs« 
Hence  it  irtuit  foUow,  that  air  of  double  density  will  dissolve 
more  than  twice  as  much  water.  Therefbrei  wheoa  wo 
denly  rarefy  saturated  air  (even  though  its  heat  should  noC 
diminish)  some  water  must  be  let  go.  What  may  be  lift 
quantity  we  know  not ;  but  it  mat/  be  more  than  wiiat  would 
DOW  become  elastic  by  this  diminution  of  surrounding  preos- 
ure ;  and  it  is  not  unlikely  but  tins  may  have  some  effect  ia 
producing  the  vesicles  which  we  found  so  diiBcult  Co 
plain.  These  may  be  iilled  with  pure  watery  wvpour, 
be  floating  in  a  fluid  composed  of  water  dissolved  in 
An  ei^periment  of  FontanaV  seems  to  put  this  matter 
of  doubt.  A  distilling  apparatus  AB  (fig- 4.)  was  so  gosh 
trlved^  that  the  heat  was  applied  al>ove  the  surface  of 
water  in  tlie  alembic  A.  This  was  done  by  inclosing  ttsn 
aiiother  vessel  CC,  filled  with  iiot  water,  in  the  ro 
B  there  was  a  sort  of  barometer  D,  with  an  open  cisteai}, 
in  order  to  see  what  pressure  there  was  on  the  aurince  ol 
the  6uid.  While  the  receiver  and  alembic  oontained  air« 
ihc  heat  applied  at  A  produced  no  sensible  distillatioo  dn* 
ring  several  hours ;  bat  on  opening  a  cock  E  in  the  reodi^ 
Tcr  flt  its  bottom,  and  making  the  water  in  the  alembic 
boil,  steam  was  produced  wliich  coon  expelled  all  the  «irg 
and  followed  it  through  the  cock.   The  c^ck  was  now  sbo^ 
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and  th«  whole  allowed  to  grow  cold  by  removing  the  fire, 
mod  applying  cold  water  to  the  alembic.    The  barometer 
fcH  to  a  lete!  nearly ;  then  warm  water  was  allowed  to  get 
into  the  outer  vessel  CC.    The  barometer  rose  a  little,  and 
tbe  diittiilation  went  on  briskly  without  the  smallest  ebulH- 
tkm  in  the   alembic.     The  conclusion  is  obvious:  while 
there  was  air  in  the  receiver  and  communicating  pipe»  the 
diuillation  proceeded  entirely  by  the  dissolving  power  of 
this  air.    Above  the  water  in  the  alembic  it  was  quickly  sa- 
turated ;  and  this  saturation  proceeded  blowly  along  the 
still  air  in  the  comnninicating  pipe,  and  at  last  might  lake 
pbcc  tlirough  the  whole  of  tbe  receiver.    The  sides  of  the 
receiver  being  kept  cold,  should  condense  part  of  the  water 
dissolved  in  the  air  in  contact  with  them,  and  this  should 
trickle  down  the  sides  and  be  collected.     But  any  person 
who  has  observed  how  long  a  crystal  of  blue  vitriol  will  lie 
at  the  bottom  of  a  glass  of  still  water  before  the  tinge  will 
reach  the  surface,  will  see  that  it  must  be  next  to  impos- 
filble  for  distillation  to  go  on  in  these  circumstances;  and 
accordingly  none  was  observed.    But  when  the  upper  part 
of  the  apparatus  was  filled  with  pure  watery  vapour,  it  was 
supplied  from  the  alembic  as  fast  aa  it  was  condensed  in 
the  receiver,  just  as  in  the  pulse-glass, 

^7.  Another  inference  which  may  be  drawn  from  these  ex- 
periments is,  that  Nature  seems  to  affect  a  certain  law  in  the 
dilatation  of  aeriform  fluids  by  heat.  They  seem  to  be  di- 
latable nearly  in  the  proportion  of  their  present  dilatation. 
For  if  we  suppose  that  the  vapours  resemble  air,  in  having 
their  elasticity  in  any  given  temperature  proportional  to  tlieir 
^ensiiy,  we  must  suppose  that  if  steam  of  the  elasticity  60^ 
IS,  supporting  60  inches  of  mercury,  were  subjected  to 
aprtssure  of  30  inches,  it  would  expand  into  twice  its  pre- 
sent bulk.  The  augmentation  of  elasticity  therefore  is  the 
mcisure  of  the  bulk  into  which  it  would  expand  in  order 
to  acquire  its  former  elasticity,  leaking  the  increase  of 
elasticity,  therefore,  as  a  measure  of  tlie  bulk  into  which  it 
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would  expand  under  one  constant  pressure,  we  sec  that 
equal  increments  of  temperature  produce  nearly  equal  OQoI- 
tipticatlons  of  bulk.  Thus,  If  a  certain  diminution  of  tetn- 
perature  diminishes  its  bulk  ith,  another  equal  dimination 
of  temperature  will  diminiih  this  new  bulk  jtli  very  nearly. 
ThuS)  in  our  experiments,  the  temperatures  UO®,  140°» 
170**,  200%  230^,  are  in  arithmetical  progression,  having 
equal  differences  -,  and  we  see  that  the  corresponding  elas- 
ticities, a.25,  5.15,  11.05,  22.02,  44,7,  are  very  nearly  in 
the  continued  proportion  of  1.  to  «.  The  elasticity  corre- 
sponding to  the  temperature  260,  deviates  considerably 
from  this  law^  which  would  give  88  or  SC)  instead  of  80; 
and  the  deviatioR  increases  in  the  higher  temperatures. 
Bnt  still  we  see  that  there  is  a  considerable  approximation 
to  this  law ;  and  it  will  frequently  assist  us  to  recollect, 
that  whatever  be  the  present  temperature,  an  increase  of 
SO  degrees  doubles  the  elasticity  and  the  bulk  of  watery 
vapour. 


That  4-°  will  increase  the  elasticity  trom  J  to  1 ,'« 


8 
10 
12) 
18 

22 
24 
26 


1  toli 
1  to  I  I 
1  tol  J 

1  to  U 

1  to  1  f 
1  to  1  J 
1  to!} 
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This  is  sufficiently  exact  for  most  practical  purposes.  Thus 
an  engineer  ^ds  that  the  injection  cools  the  cylinder  of  a 
steam-engine  to  192*.  It  therefore  leaves  a  steam  whose 
elasticity  is  three-fifthB  of  its  full  elasticity,  =  18  inches  of 
Mercury.  But  it  is  better  at  all  times  to  have  recourse 
to  the  tabic.  Observe^  too,  that  in  the  lower  temperatures, 
i.  e.  below  no",  this  increment  of  temperature  does  more 
than  double  the  eUsticity. 


ON  STEAM, 


41 


^.  This  law  obtains  more  remarkablj  in  the  incoercible 
-Vftpoun)  such  as  vital  air,  atmospheric  air,  fixed  air,  &e» 
aft  of  which  have  also  their  elasticity  proportional  Co  their 
bulk  inVerselj  ;  and  perliaps  the  deviation  from  the  law  in 
steams  is  connected  with  their  chemical  difference  of  con- 
stitution. If  tile  bulk  were  always  augmented  in  the  same 
proportion  by  equal  augmentations  of  temperattire,  th« 
riasticities  would  be  accurately  represented  by  the  ordinate* 
of  a  k)garithmic  curve,  of  which  the  temperatures  are  the 

C responding  abscissee;  and  we  night  contrive  such  a 
efor  our  thermometer,  that  the  temperatures  would  be 
the  common  logarithms  of  the  elasticities,  or  of  the  bulks 
having  equal  elasticity  ;  or,  with  our  present  scoJe^  we  may 
find  such  a  multiplier  m  for  the  number  r  of  degrees  of  our 
thermometer  (above  that  temperature  where  tho  elAsticitj 
is  equal  to  unity),  that  tliis  multiple  shall  be  the  common 
Jogaritlnn  of  the  elasticity  y ;  so  that  m  x  =2  log.  ^. 

But  our  experiments  are  not  sufficiently  accurate  fbr  de- 
termining the  temperature  where  the  elasticity  is  measnred 
by  ^  inch  j  because  in  these  temperatures  tlie  elasticities 
vary  by  exceedingly  small  quantities.  But  if  we  take  1 1.05 
for  the  ank  of  elasticity,  and  number  our  temperature  from 
170°,  and  makcTrt  =  0.010035,  we  shall  find  the  product 
mr  to  be  very  nearly  the  logarithm  of  the  elasticity.  The 
deviations,  however,  from  this  law,  are  too  great  to  make 
this  equation  of  any  use.  But  it  is  very  practicable  to 
frame  an  equation  which  shall  correspond  with  the  experi- 
ments to  any  degree  of  accuracy ;  and  it  has  been  done  for  air 
in  a  translation  of  General  Roy's  measurement  of  the  Base 
^  Hounslow  Heath,  into  French,  by  Mr  Prony.  It  is  as 
fttows:  Let  X  be  the  degrees  of  Reaumur's  thermometer; 
let  j^  be  the  expansion  of  10,000  parta  of  air  ;  let  e  be  =  10, 
m  =  2.7979,  "=0.01768  :  then  y  =  em+nx — 627.5.  Nowe 
being  =  10,  it  is  plain  that  c  "^-f"  '  is  ilie  number,  of  which 

Sis  the  common  logarithm.    This  formula  is  very 
B  for  as  the  temperature  60 ;  but  beyond  this  it 
L_: 


^*  no«r  ^  .  „„      ^       "'^Wciifaiiou  of  fo  ^^  "  flow 

Z  '^"'P^'-'ur.^^^;  «"^eflu.t;o^  of  ;„  °''''"''  ^-^  on 
^^Po^  to  entlr  a'  J'  «"«  'Weft!  '  '^  '^"  '"'"•  «*• 
*«o*;etW  ,„  '  **'"'d  l^e  a  ver,  ,2  . ,  "^""'O"  for  heaj. 
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'ftPUcC)  a  nuiperoufi  trolu  of  accuse  and  cTspensIve  expe- 
riacftU  for  me^tsuriog  tUe  quantit}»r  latent  or  combined 
W  10  el4istic  vapours.     This  is  idently  a  very  ijnport- 
UU  point  to  the  distjller  and  practil  chemist.     This  heat 
aumt  ali  come  from  the  fuel ;  ai  it  is  gretUly  worth 
leio  know  wliether  any  saving lay  be  wmde  of  ttvis  ar« 
Thu»  we  know  ibat  distilJa^n  will  go  on  either  un- 
der the  pressure  of  theair^  or  inin  alembic  and  receiver 
from  which  the  air  has  been  explled  by  steam ;  and  we 
^Jpojv  that  this  last  may  c  condi>tetl  in  a  very  low  tcmpe- 
^pMure,  even  not  exceedii^  that  f  the  human  body.     But 
It  is  uncertain  whether  th  ninynot  employ  even  a  greater 
quantity  of  fuelj  as  well     o^asion  a  great  expcnce  of 
time.    We  are  disjxMod  to  ,-,,fc^  that  when  there  is  no  air 
in  the  apparatus,  and  when  t  condensation  can  be  speedily 
performedt  the  proportion  of.]  expended  to  the  lluid  wliich 
comes  over,  will  diminish  co^ually  as  the  heat,  andcon^ 
sequently  the  density  of  the  st^  ig  augmented,  because  in 
this  case  the  quantity  of  cotUj-j  i,cat  must  be  less.     la 
the  mean  time,  we  earnestly  i^mmend  the  trial  of  this 
mode  of  distillation  in  vessels  cl^  of  air.    It  is  undoubt- 
edly of  great  advantage  to  be  ->  to  work  with  smaller 
fires*,  and  it  would  secure  us  ag«t  all  accidents  of  blow- 
ing  oS  the  head  of  the  still)  oft^ttcnded  with  terrible 
consequences. 

We  must  not  conclude  this  artiwithout  taking  notice 
of  some  natural  phenomena  whichgj  to  owe  their  origin 
to  the  action  of  clastic  steam. 

The  wonderful  appearances  of.  Geyzcr  spring,  in 
Iceland,  are  undoubtedly  producey  tlie  expansion  of 
ateom  in  ignited  caverns.  Of  theif^pc^^m^;^  wc  sup- 
pose the  whole  train  to  be  pi'oducedt;,|iows. 

30.  A  cavern  may  be  supposed  o^hape  analogous  to 
CBDEF  (fig.  5.)f  having  a  perpentjaf  funnel  AB  is- 
suing  from  a  depressed  part  of  the  i*  The  part  F  may 
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be  lower  than  the  rest,  nnote)  and  red-hot.     Scich  pl«c«i 
we  know  to  l>e  frcquenin  Iceland.     Water  may  be  contt* 
Dually  trickling  into  thoart  CD.  It  will  fill  it  up  to  B,  aod 
even  np  to  E  r,  and  th  trickle  slowly  along  Into  F.     As 
«oon  as  any  gets  into  citact  with  an  ignited  part*  it  cx- 
painds  into  elastic  steal  and  is  partly  condensed  by  the 
cold  sides  of  the  caverr  which  it  (jradualiy  warms,  til)  it 
condenses  no  more.    Th  pmducti>n  of  steam  hinders  not 
in  the  smallest  degree  tli  tricklin/  of  more  water  into  F, 
and  the  continual  prodution  of  'lore  steam.     This  now 
presses  on  the  surface  of  te  watcin  CD,  and  causes  it  to 
rise  gradually  in  llie  funnl  RA  hut  slowly,  because  its 
cold  surface  is  condenbiiigan  'fnense  quantity  of  steam. 
We  may  easily  suppose  ihrt.  f  water  trickles  faster  into 
F  than  it  is  expended  in  the  *duclion  of  steam ;  so  that 
it  reaches  farther  into  tJie  ig^d  part,  and  may  even  ikll 
in  a  stream  into  some  deepP*^  highly  ignited.     It  will 
now  produce  sleum  in  vast  ^indancc,  and  of  prodigious 
elafilicity;  and  at  once  p;  "P  ^^'^  water  through   the 
funnel  in  a  solid  jet,  and  ^  great  height.     This  must 
continue  till  the  surface  o»<?  *^aler  sinks  to  BD.     If  the 
lower  end  of  ihc  funnel  h  ^"y  inequalities  or  notcheS|  aa 
is  most  hkely,  the  steam*'  g^t  admission  along  with  the 
water,  which  in  this  pa^***  place  is  boiling  hot,  being 
superficial,  and  will  ge'  ^^c  mouth  of  the  funnel,  while 
water  is  still  presseil  i^Jow,     At  last  the  steam  gets  in 
at  B  on  all  sides ;  and  i'  is  converging  to  B,  along  the 
surface  of  the  water,  '*  prodigious  velocity,  it  sweeps 
along  with  it  much  ^^>  and  blows  it  up  through  the 
funnel  with  great  forc^^*^n  'I' is  is  over,  the  remaining 
steam  blows  ont  unro*  *'*'*  water,  growing  weaker  a«  it 
is  expended,  till  the  ^m  of  the  funnel  is  ngain  stopped 
by  the  water  increas'"  the  cavern  CBD.    All  the  phe- 
nomena above  grou""*^  perfectly  conformable  to  the  no- 
ccflfiary  consequence  'his  very  probable  construction  of 


the  cavern.  The  feelmg  of  Iving  lifted  up,  immediately 
before  the  jet,  In  all  probabilty  is  owing  to  a  real  heaving 
up  of  the  whole  roof  of  the  carem  by  the  first  expansion  of 
the  great  body  of  steam.  W^  had  an  accurate  description 
of  the  phenomena  from  pe^ns  well  qualified  to  judge  of 
these  noatters,  who  visited  tiese  celebrated  springs  in  1789. 
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oteam-Engine,  is  tbe  name  of  a  raachiae  which  dcriTe* 
its  moving  power  from  the  elasticity  and  condensibilily  of 
the  steam  of  boiling  water.  It  is  the  most  valuable  present 
which  the  arts  of  life  have  ever  received  from  the  philoso- 
pher. The  mariner's  compass^  the  telescope,  gunpowder, 
and  other  most  useful  servants  to  human  weakness  and  in- 
genuity, were  the  productions  of  chance,  and  we  do  not 
exactly  know  to  whom  we  are  indebted  for  them  ;  but  the 
steam-engine  was,  in  the  very  beginning,  the  result  of  re- 
flection, and  the  production  of  a  very  ingenious  mind;  and 
every  improvement  it  has  received,  and  every  alteration  in 
its  construction  and  principles,  were  also  the  results  of 
philosophical  study. 

3.  The  steam-engine  was  beyond  all  doubt  first  invented 
by  the  marquis  of  Worcester  during  the  reign  of  Charles  II. 
This  nobleman  published  in  1663  a  small  book,  entitled 
**  A  Century  of  Inventions,*'  giving  some  obscure  and  eni^ 
inatical  account  of  an  hundred  discoveries  or  contrivances 
of  his  own,  which  he  extols  as  of  great  importance  to  the 
pubhc*  He  appears  to  have  been  a  person  of  much  know- 
ledge and  great  ingenuity  :  but  his  description  or  accounts 


•  '*  In  Hero  of  Alecandria'i  •  Spiritalia,"  there  are  two  toy»  moring  by 
■Icam,  described  in  propositions  50  and  73.  They  are  both  mored  on  tbe  prin- 
ciple of  Barker's  mill,  by  Keain  iuning  from  an  colopile,  moreable  round  a 
cciitte  or  Axu,  and  not  of  a  nature  to  be  of  any  real  ufc."    AV, 
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lH«e  iriventftfra  seem  not  so  much  Mended  i6  instfnd 
public,  as  ta  r^ise  wonder ;  and  his  ortcoihititns  on  thei^ 
and  importance  are  to  a  great  degree  citfava^ant, 
>lin;5  more  thepuffof  an  advrt*ltsing  tradesman  than 
'patriotic  coTnnAiiHcatlons  of  a  gentJeman.  The  marqil?« 
Worcettcr  was  indeed  a  prcjecior,  arid  tery  importiuiate 
mjrnerious  withal  in  his  applications  for  public  cncou- 
lent.      His  accontit,  however,  of  the  sieam-engine, 
r|{h  by  no  meen^  fit  (o  give  tz&  any  distinct  tiotions  of 
'■tructiue  and  operation,  ifi  eXact  as  far  as  it  goes,  agree- 
precisely  with  what  we  now  know  of  the  subject.     It 
No.  68.  of  his  inventions.     His  words  arc  as  foHoW 
This  adroirabic  method  which  I  propose  of  raising  water 
the  force  of  fire  has  no  bounds  if  the  vessels  be  strong 
loagh :  for  I  have  taken  d  cannon,  and  having  filletl  it 
three-fourths  full  of  Water,  and  shut  up  its  muzzle  and 
mch'hole,  and  exposed  it  to  the  fire  for  C4  hoars,  it  burst 
[V(ih  a  great  explosion.     Having  afterwards  discovered  a 
totdiod  of  fortifying  vessels  ihterrially,  ahd  combibed  them 
in  such  a  way  that  they  filled  aild  acted  alternately,  I  have 
aide  the  water  spout  in  an  unintcrl-upled  stream  40  feet 
Ugh;  Biid  one  vessel  of  rarefied  water  raised  40  of  cold 
*«tcr.    The  person  who  conducted  the  operatioti  had  no^ 
tliing  to  do  but  turn  two  cocks ;  so  that  one  vessel  of  water 
Wng  oonsamed,  another  begins  to  force,  and  then  to  fill 
IMf  with  cold  water,  and  so  on  in  succession." 

*.  It  doc*  not  appear  that  the  noble  inventor  could  ever 
interest  the  public  by  these  accounts.  His  character  as  a 
projector,  and  the  many  failures  which  persons  of  this 
tDra  uf  mind  daily  experience,  probably  prejudiced  people 
•gaiiwt  him,  and  prevented  all  attention  to  his  projects.  It 
*a<  Dot  till  towards  tlie  end  of  the  century,  when  experi- 
'  *  "  ■  ^y  was  prosecuted  all  over  Europe  with 
L  -J,  ^LL-jur,  that  these  notions  again  engaged  attcn- 
CapiAin  Savary,  &  person  ako  of  great  ingenuity 
^md  ardent  nbd,  saw  the  reality  and  practicability  of  the 
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marquis  of  WoroesUir's  project.  He  knew  the  great  ex* 
panslve  power  of  steam,  and  had  discovered  the  incon- 
ceivable rapidity  witli  which  it  ia  reconverted  into  water  by 
cold ;  and  he  soon  contrived  a  machine  for  raising  wateTp 
ia  which  both  of  these  properties  were  employed.  He  says, 
t]iat  it  was  entirely  his  own  invention,  Dr  Desaguliers 
insists  that  he  only  copied  the  marquis's  invcntioni  and 
charges  him  with  gross  plagiarism,  and  witli  having  bought 
up  and  burned  the  copies  of  the  marquis's  book,  in  order 
to  secure  the  honour  of  the  discovery  to  himself.  This  is  a 
very  grievous  clmrgc,  and  should  have  been  substanUated 
by  very  distinct  evidence.  Desaguliers  produces  nons 
such ;  and  he  was  much  too  lato  to  know  what  happened 
at  that  time.  The  argument  which  he  gives  is  a  very 
foolish  one,  and  gave  him  no  title  to  consider  Savary's  ex* 
pcrimcnt  as  a  falsehood ;  for  it  might  have  happenetl  pre- 
cisely as  Savary  relates,  and  not  as  it  happened  to  Desa- 
guliers. The  fact  is,  that  Savary  obtained  his  patent  of 
invention  after  a  hearing  of  objections,  among  which  the 
discovery  of  the  marquis  of  Worcester  was  not  mentioned; 
and  it  is  certain  that  the  account  given  in  the  "  Century  of 
Inventions"  could  instruct  no  person  who  was  not  suffi 
ciently  acquainted  with  the  properties  of  steam  to  be  able 
to  invent  the  machine  himself. 

3.  Captain  Savary  obtained  his  putcnt  after  having  actuaSjf 
erected  several  machines,  of  which  he  gave  a  description  in 
a  book  entitled  "  The  Miner's  Friend,"  pubhshcd  in  KHHj, 
and  in  another  work  published  in  l6u9-  ISIuch  about  this 
time,  Dr  Papin,  a  Frenchman  and  fellow  of  the  Royal 
Society,  invented  a  method  of  dissolving  bones  and  other 
animal  sohds  in  water,  by  confming  them  in  close  vessehf 
which  he  called  digkstzrs,  so  as  to  acquire  a  great  degree 
of  heat-  For  it  must  be  observed  in  llils  place,  that  it  had 
been  discovered  long  before  (in  IGB4)  by  Dr  Hooke,  the 
most  inquisitive  experimental  philosopher  of  that  iaquiil» 
Hive  age,  that  water  could  not  bo  made  to  acquire  above  ft 
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Mlain  temperature  in  tlie  open  air ;  and  that  as  soon  as 
k  begios  Co  boi)^  iu  temperature  remains  fixed,  and  an  in- 
trett^e  of  heat  only  produces  a  more  violent  ebullition,  and 
A  more  rapid  wajtte.  But  Pnpin's  experiments  made  the 
idttttc  power  of  steam  very  familiar  to  bun  ;  and  when  he 
left  England  and  settled  as  professor  of  mathematics  at 
^l«rpur;>;h,  be  made  many  awkward  attempts  to  employ 
ihis  force  in  mechanicts,  and  e^'en  for  raibing  water.  It 
spears  that  he  had  made  experiments  with  tliia  view  in 
3()98,  by  order  of  Charles,  landgrave  of  Hesse.  For  this 
reason  the  French  affect  to  consider  him  as  the  inventor  of 
tlie  steam-engine*  He  indeed  published  some  account  of 
bis  invention  in  1707  ;  but  he  acknowledges  that  Captaia 
Savary  had  also,  aud  without  any  communication  witli 
hioOt  invented  the  same  thing.  Whoever  will  take  the 
,trouble  of  looking  at  the  description  which  he  has  given  of 
these  inventions,  which  are  to  be  seen  in  the  ylcta  Erudito- 
rum  HJptia,  and  in  Lcupold's  Theatrum  Mnchitianun,  will 
aec  that  ihry  are  most  awkward,  absurd,  and  impracticable, 
iJi»  cunceplions  of  uutural  operations  were  always  vague 
And  imperfect,  and  he  was  neither  philosopher  nor  me* 
chanician* 

We  arc  thus  anxious  about  the  claim  of  those  gentlemen, 
because  a  most  respectable  French  author,  Mr  Bossul,  says 
In  bis  Hydrod^iamique,  that  the  first  notion  of  the  steam- 
cogine  was  certainhj  owing  to  Dr  Papin,  who  had  not  only 
invented  the  digester,  but  had,  in  Ui'o:},  publibhcd  a  litt!e 
performance  describing  a  machine  for  raising  water,  in 
^  ■  '  'ir  pi*,tons  are  moved  by  the  vapour  of  boiling  water 
I  •  ly  diluted  and  condensed.  Now  the  fact  i:^,  tliat 
Fapin's  first  publication  was  in  1707,  and  his  piston  is  no- 
thing more  than  a  iloaler  on  the  hurface  of  llie  water,  to 
prcvcni  the  waste  of  steam  by  condensation ;  and  the  return 
of  the  piHton  is  not  produced,  as  in  die  steam-engine,  by 
ihe  condensaiiou  of  U»e  steam^  but  by  admitting  the  air  and 
m  column  of  water  to  press  it  back  inio  its  place.     The 
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wLoIo  contrivance  is  so  awkwarJ,  aod  so  unlike  any  distinct 
notions  of  the  aubject,  that  it  cannot  do  credit  to  any  per- 
son. 

4.  We  may  add,  that  much  about  the  snme  tiaie»  Mr 
Amontons  contrived  a  very  ingenious  but  intricate  machine^ 
which  he  called  a  jire-wheeL  It  consisted  of  a  number  of 
close  buckets  placed  in  the  circumi'crence  of  a  wheel,  and 
communicating  with  each  other  by  very  intricate  drcuitooa 
passages.  One  part  of  this  circumference  was  exposed  to 
the  heat  of  a  furnace,  and  anotlier  to  a  stream  or  cistern  of 
cold  water.  The  communications  were  so  disposed,  that 
the  steam  produced  in  the  buckets  on  one  side  of  the  wheel 
drove  the  water  into  buckets  on  the  other  side,  so  that  one 
aide  of  the  wheel  was  always  much  heavier  than  the  oUier; 
and  it  must  therefore  turn  round,  and  may  execute  some 
work.  The  death  of  the  inventor,  and  the  intricacy  of  the 
machine,  caused  it  to  be  neglected.  Another  member  of 
the  Parisian  academy  of  sciences  (Mr  Deflandes)  aJso  pre- 
sented to  the  academy  a  project  of  a  steam-wheel,  where 
the  impulsive  force  of  die  vapour  was  emplo3*ed ;  but  it 
met  with  no  encouragement  The  English  engineers  liad 
by  this  time  so  much  improved  Savary's  first  invention^ 
that  it  supplanted  all  others.  We  have  therefore  no  hesi- 
tation in  giving  the  honour  of  the  first  and  complete  in- 
vention to  the  marquis  of  Worcester  ;  and  we  are  not  dis- 
posed to  refuse  Captain  Savary's  claim  to  originaJiiy  as  to 
the  construction  of  die  machine,  and  even  think  it  probable 
that  his  own  experiments  made  him  see  the  whole,  inde- 
pendent of  the  marquis's  account.* 

Captain  Snvary's  engine,  as  improved  and  simplified  by 
himself,  is  as  follows. 

5,  A  (fig.  6.)  represents  a  strong  copper  boiler  properly 


•  "  It  doe*  uot  oppetr  thai  ibe  marquis  of  Worcester  Itucir  ony  lUiog  of  ttift 
iiM  of  on  injection,  a^  the  machmc  deicriboil  b^  Iiim  operaieO  onlj  hy  the 
eipftoairo  force  of  itearn  ;  whtreaj  ihc  injection  Wis  uwd  in  Savwjr't  c*£to« 
froca  ibc  beginning,  and  h  \a  all  proUbiliiy  hii  inveaiioa."    W« 


m 


6TEAM-CNGINB. 


51 


built  up  in  a  furnace.  There  proceeds  from  iU  top  a  large 
•taun-pipe  B,  which  enters  into  the  top  of  another  strong 
YCMel  R,  called  tlie  receiver.  This  pipe  has  a  cock  at  C, 
called  the  steam-cock.  In  the  bottom  of  ihe  receiver  is  a 
pipe  Fy  which  communicatca  sidcwisc  with  the  rising  pipe 
KGH'  The  lower  end  H  of  this  pipe  is  iruinersed  io  the 
water  of  the  pit  or  well,  and  its  upper  part  K  opens  into 
the  cisteni  into  which  the  water  is  to  be  delivered.  Imme- 
diately below  the  pipe  of  communication  F  there  is  a  valve 
G,  opening  when  pressed  from  below,  and  shuttin^T  when 
pressed  downwards.  A  sinular  vaJve  is  placed  nt  i,  imme- 
diately above  the  pipe  of  communication.  Lastly,  there  is 
a  pipe  ED,  which  branches  oflT  from  the  rising  pipe,  and 
enters  into  the  lop  of  ihe  receiver.  This  pipe  has  a  cock  . 
Dp  called  the  rNjEcriON-cocK.  The  mouth  of  the  pipe 
£D  baa  a  nozzle  y  pierced  with  small  holes,  pointing  from 
8  centre  in  every  direction.  The  keys  of  the  two  cocks  C 
and  D  are  united,  and  the  handle  g  A  is  called  the  regu- 

1.AT0R. 

Let  the  regulator  be  9o  placed  that  the  steam-cock  C  It 
cpcn  aod  the  injection -cock  D  is  shut;  put  water  into  the 
boiler  A,  and  make  it  boil  strongly.  The  steam  coming 
from  it  will  enter  the  receiver,  and  gradually  warm  it, 
mach  steotm  being  condensed  in  producing  this  effect- 
When  it  has  been  warmed  so  as  to  condense  no  morej  tlie 

j.ateam  proceeds  into  the  rising  pipe ;  the  valve  C>  remains 
iimt  by  its  weight;  the  steam  hfts  the  valve  I,  and  geta 
into  the  rising  pipe,  and  gradually  warms  it.  When  the 
workman  feels  this  to  be  the  case,  or  hears  the  rattling  of 
the  valve  I,  he  immeiliatcly  turns  the  steam-cock  so  as  to 
•hut  it,  ilie  injection-cock  still  remaining  shut  (at  least  we 
qr  sup{)osc  this  for  tlie  present.).  The  apparatus  must 
now  cool,  and  the  steam  in  the  receiver  collapses  into  wa- 
ter. There  is  nothing  now  to  balance  the  pressure  of  the 
pliere ;  the  valve  I  remains  shut  by  its  weight ;  but 

'dM  air  incumbent  on  the  water  in  the  pit  presses  up  this 
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water  through  the  suction-pipe  HG,  anJ  causes  it  to  li/t 
the  valve  G,  and  flow  into  the  receiver  R,  and  fill  it  to  the 
top,  if  not  more  than  20  or  25  feet  above  the  surface  of  the 
pit- water. 

The  steam-cock  is  now  opened.  The  steam  which  during 
the  cooling  of  the  receiver  has  been  accumulating  in  the 
boiler,  and  acquiring  a  great  elasticity  by  the  action  of  the 
£re,  now  rushes  in  with  great  violence,  and  pressing  on  the 
surface  of  the  water  in  the  receiverj  causes  it  to  shut  the 
valve  G  and  open  the  valve  I  by  its  weight  alone,  and  it 
now  flows  into  the  rising  pipe,  and  would  stand  on  a  level 
if  the  elasticity  of  the  sieam  were  no  more  than  what  w<»uld 
balance  the  atmospherical  pressure.  But  ii  is  mucli  more 
than  this,  and  therefore  it  presses  the  water  out  of  ihc  re- 
ceiver into  the  rising  pipe,  and  will  cause  it  to  come  out 
at  K,  if  the  elasticity  of  the  steam  is  suOicicntly  great.  In 
order  to  ensure  tliis,  tlie  boiler  has  another  pipe  in  its 
top,  covered  with  a  jq/e/y- valve  V,  which  is  kept  down  by 
a  weight  W  suspended  on  a  steelyard  LM.  This  weight  it 
so  adjusted  that  its  pressure  on  the  safety-valve  is  somewhat 
greater  than  the  pressure  of  a  column  of  water  V  A:  as  bigli 
OS  the  point  of  discharge  K,  The  fire  is  so  regulated  that 
the  steam  is  always  issuing  a  little  by  the  loaded  valve  V. 
The  workman  keeps  the  steam-valve  open  till  he  hears  the 
valve  I  rattle.  This  tells  him  that  the  water  is  all  forced  oat 
of  the  receiver,  and  that  the  steam  is  now  following  it-  He 
immediately  turns  tlie  regulator  wliidi  shuts  the  stetun- 
cock,  and  now,  for  the  first  time,  opens  the  injection-cock. 
The  cold  water  trickles  at  first  through  the  boles  of  the 
nozzlcy,  and  fdlliug  down  through  the  steam,  begins  to 
condense  it ;  and  then  its  elasticity  being  less  than  the 
pressure  of  the  water  in  the  pipe  KEDy,  the  cold  wnur 
spouts  in  all  directions  through  the  nozzle,  and,  quick  as 
thought,  produces  a  complete  condensation.  The  valve  G 
now  oj^ens  again  by  the  pressure  of  the  atmosphere  on  the 
water  of  the  pit,  and  the  receiver  is  soon  fUied  with  cold 
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vfBter.  The  injeetlon-cock  is  now  shut,  and  the  steam- 
cock  opened,  and  the  whole  operatiou  h  now  repeated; 
ftsd  BO  on  continually. 

Thw  is  the  siiople  account  of  ihe  process,  and  will  serve  to 
^ve  the  reader  un  introductory  notion  of  the  operation; 
but  a  more  minute  attention  must  be  paid  to  many  parti- 
calara  before  we  can  sec  the  properties  and  defects  of  this 
iogemous  machtiie. 

6.  The  water  is  driven  along  the  risinj^  pipe  by  the  clastl* 
city  of  the  steam.  This  must  in  the  boiler,  and  every  part 
of  the  machine,  exert  a  pressure  on  every  square  inch  of 
the  vessels  equal  to  that  of  the  upright  column  of  water. 
Suppose  the  water  to  be  raiseti  100  feel,  about  25  of  tliia 
may  be  done  in  the  suction-pipe ;  that  is,  the  upper  part 
of  the  receiver  may  be  about  23  feet  above  the  surface  of 
the  pit-water.  The  remaining  75  must  be  done  by  forcing, 
and  every  square  inch  of  the  boiler  will  be  squeeicd  out  by 
m  pressure  of  more  llian  30  pounds.  This  very  moderate 
lieight,  therefore,  requires  very  strong  vessels;  and  the 
marquis  of  Worcester  was  well  aware  of  the  danger  of  llicir 
bursting.  By  consulting  the  table  of  the  elasticity  of  steam 
deduced  from  our  experiments  mentioned  in  the  preceding 
article,  we  see  that  this  temperature  must  be  at  least  idCi** 
of  Fahrenheit's  thermometer.  /«  this  h^at  $qft  solder  is  xveak^ 
ajid  speller  solder,  or  gnod  riveUing,  ought  only  to  be  used* 
Accordingly,  in  a  machine  erected  by  Captain  Savary,  the 
workman  having  loaded  the  safety-valve  a  little  more  than 
usual  to  make  the  engine  work  more  brisklyi  the  boiler 
burst  with  a  dreadful  explosion,  and  blew  up  the  furnace 
and  adjoining  parts  of  the  building  as  if  it  had  been 
gunpowder.  Mr  Savary  succeeded  pretty  well  in  raising 
izioderau  quantities  of  water  to  small  heights,  but  coidd 
make  nothing  of  deep  mines.  Many  attempts  were  made, 
on  the  marquis's  principle,  to  strengthen  the  vessels  from 
wiiliin  by  radiated  bars  and  by  hoops,  but  in  vain.  Very 
amail  boilers  or  evoporators  were  then  tried,  kept  red-hut, 
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or  nesrly  to,  and  supplied  with  a  slender  rtream  of 
trickling  into  them ;  bnt  this  afforded  do  oppoitimity  cf 
making  a  collection  of  steam  during  the  lefiigeratiou  of  the 
receiver,  so  a.4  to  hare  a  magazine  of  steam  in 
for  the  next  forcing  operation ;  and  the  working  of 
machines  was  alwajs  an  emplovment  of  great  danger  ami 
anxiety. 

7.  The  only  situation  in  which  ihis  machine  coaU  be  oi* 
pfojed  with  perfect  safety,  and  with  some  effect,  WMwkfe 
the  whole  Uh  did  not  exceed  30  or  SS  ieeC  In  thk  cMe  the 
greatest  part  of  it  was  performed  br  the  soction-pipch  and 
a  very  manageable  pressure  was  suflScioit  for  the  rot.  S^ 
veral  machines  of  this  kind  were  erected  in  Engtand 
the  beginning  of  the  18th  ceotonr.  A  very  kfge 
erected  at  a  sak-work  in  the  south  of  France.  H^ 
water  was  to  be  raised  no  more  than  18  feet.  The 
was  capacious,  and  it  was  occasionaUy  supplied  with 
from  a  small  salt-pan  constructed  on  purpose  with  a 
Tlic  entry  of  the  steam  into  the  receiver  merely  aHpwed  the 
water  to  run  out  of  it  by  a  large  valre^  which  waa  opcaed 
by  the  hand,  and  the  condensation  was  produced  by  the 
help  of  a  small  forcing  pump,  also  worked  by  the  head,  bi 
so  particular  a  situation  as  this,  (and  many  such  nay' 
in  the  endless  variety  of  human  wants,}  this  is  a  veiy 
ful  en;Hne ;  and  having  few  moving  and  rubbing  partly  it 
mu-t  be  of  great  durability.  This  circumstance  has  oec^ 
£]oncd  much  attention  to  be  given  to  this  first  fom  of  die 
engine,  even  long  after  it  was  supplanted  by  those  of  a  nach 
lxlt«r  construction.  A  very  ingenious  attempt  was  made 
very  lately  to  adapt  this  construction  to  the  uses  of  the 
minerf,  'llie  whole  depth  of  the  pit  was  divided  into  lifte 
ijf  1 5  fe<rt,  in  the  same  manner  as  is  frequently  done  In 
f/ump-macfjincs.  In  each  of  these  was  a  8Uction-{Hpc^  14 
feet  kffig,  having  above  it  a  small  receiver  like  R,  about  a 
foot  higfif  and  its  capacity  somewhat  greater  than  that  of 
tlic  pipe.    Tlik  receiver  had  a  valve  at  the  heed  of  the 
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suctloD-pipCf  and  another  opening  outwards  into  the  little 
cittero*  into  which  the  next  suction-pipe  above  dipped  to 
take  in  water.  Kach  of  these  receivers  sent  op  a  pipe  from 
iU  Copi  which  all  met  in  the  cover  of  a  large  vessel  ahore 
groand,  which  was  of  double  the  capacity  of  all  the  receiver* 
aad  pipe>*  This  vessel  was  cl()«c  on  all  sides.  Another 
vessel  of  equal  capacity  wad  placed  immediately  above  it, 
will)  a  pipe  from  its  bottom  passing  through  the  cover  of 
the  lower  vessel  and  reaching  near  to  its  bottom,  llii* 
upper  vessel  communicates  with  the  t>oiler,  and  constitutes 
the  receiver  of  the  steam-engine.  The  operation  is  as  fol- 
lows: The  lower  vessel  is  full  of  water.  Steam  is  admitted 
into  the  opper  vessel,  which  expels  the  air  by  a  valve,  and 
fills  the  vessel.  It  is  then  condensed  by  cold  water.  The 
presBore  of  Use  atmosphere  would  cause  it  to  enter  by  all 
the  suction-pipes  of  the  different  lifb,  and  press  on  tbesuiv 
&oe  of  the  water  in  the  lower  receiver,  and  force  it  into  the 
upper  one.  But  because  each  suction-pipe  dips  in  a  cistern 
of  water,  tiie  air  presses  this  water  before  it,  raises  it  into 
e»ch  of  the  little  receivers  which  it  fills,  and  allows  the 
spring  of  the  aii*  (which  was  formerly  in  them,  but  which 
nam  pmawn  up  into  the  lower  receiver)  to  force  the  watet 
out  of  the  lower  receiver  into  the  upper  one.  When  this 
baa  been  completed,  the  steam  is  ogaiti  admitted  into  the 
upper  receiver.  This  allows  the  water  to  run  back  into  the 
lower  receiver,  and  the  air  returns  into  the  small  receivers 
in  the  pit,  and  allows  the  water  to  run  out  of  each  into  its 
proper  cistern.  By  this  means  llie  water  of  each  pipe  ha« 
been  raised  15  feet.  The  operation  may  thus  be  repeated 
contiitnally. 

The  contrivance  is  ingenious,  and  similar  to  those  which 
are  to  be  met  with  in  the  hydraulics  of  Scholtus,  Slurmius, 
and  other  German  writers.  But  the  operation  must  be 
exceedingly  alow;  and  we  imagine  that  the  expence  of 
•teem  nntst  be  great,  because  it  must  fill  a  very  large  and 
Tcry  coM  vessel}  which  must  waste  a  great  portion  of  it  by 
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condensation.  We  sec  by  some  late  publications  otthcTcrf 
ingenious  Mr  DIackoy,  that  iir  is  still  otiempting  to  main- 
taiu  the  reputation  of  this  machine  br  fooie  contrivances  of 
this  kind ;  l)ut  we  imagine  thnt  they  will  be  ineflecUMlv 
except  in  some  very  particular  Kttualions. 

8.  For  the  very  great  defect  of  the  machine,  even  when  w» 
can  secure  it  against  all  risk  cif  bursting,  is  the  prodigiou* 
'WQbte  of  steam,  mid  coii»equently  ol  fuel.  Daily  ex |)erionce 
shews,  that  «  tmefi  qnantitif  of  cold  vater  is  suflicient  for 
producing  an  almost  instantaneous  condensation  of  a  great 
quantity  of  steam  Therefore  wlicn  tlie  steam  is  admitted 
into  the  receiver  of  ^Savary's  engine,  and  comes  into  contact 
with  the  col*!  top  and  cold  water,  it  is  condensed  with  great 
rapidity;  and  the  water  does  not  begin  to  subside  till  iti 
surface  haa  beoime  so  hot  tliat  it  condenses  no  more  steam. 
Ix  may  now  begin  to  yield  to  the  pressure  of  the  incumbent 
slcam  i  but  as  soon  as  it  descends  a  little^  more  of  the  cold 
surface  of  the  receiver  comes  into  contact  with  the  steam, 
and  condenses  more  of  it»  and  tlie  water  can  descend  no 
farther  till  this  addition  of  cold  surface  is  heated  up  to  the 
state  of  evaporation.  This  rapid  condensation  goes  on  all 
the  while  the  water  is  descending.  By  some  experiments 
made  by  the  writer  of  this  article,  it  appears  that  no  less  than 
-rTlhsoCtljc  whole  steam  arc  uselessly  condensed  in  ibis  man- 
ner, and  not  more  than  Ath  is  employed  in  allowing  the 
water  to  descend  by  its  own  weight ;  and  he  ha-  >  '  to 
think  tliai  tl)e  portion  thus  wasted  will  lie  c<k  ''ly 

greater^  if  the  steam  be  employcfi  to  force  the  water  out  of 
the  receiver  tcj  any  considerable  height. 

Observe,  too,  that  all  tliis  wnstc  nnist  be  repeated  in  every 
succeeding  stroke ;  ibr  ihe  whole  receiver  must  be  cooled 
again  in  order  to  fil)  it.se!t  witli  water. 

0.  Many  attempts  have  been  made  to  diminish  this  waste ; 
but  all  to  little  puqroscy  because  the  very  Ulling  of  the  re- 
ceiver wiili  cold  water  occasions  its  sides  to  coudense  a 
prodigious  quantity  of  steam  in  the  succeeding  stroke.   Mr 
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has  atlenipteil  to  lessen  this  by  using  two  receivers, 
the  fjni  was  oil,  and  into  this  only  die  steam  wns  ailmit- 
This  oil  passed  to  and  iro  between  the  two  receivers 
never  touched  the  water  except  on  a  small  eurface.* 
this  hardly  produced  a  sensible  diminutiou   of  tb« 
for  it  roust  now  be  ol>served,  that  there  is  a  neces- 
ty  for  the  first  cylinder's  being  cooled  to  a  considerable 
?grce  beJow  the  boiling  point;  otlicrwibei  though  it  will 
ccmdense  much  steam,  and  allow  the  water  to  rise  into  the 
^ueceivery  there  will  be  a  great  diminuiion  uK  the  height  of 
^^uction,  unless  the  vessel  be  much  cooled.    Tliis  appears 
ploiniy  by  inspecting  the  table  of  elasticity.    Thus,  if  the 
^Besscl  be  cooled  no  lower  than  180%  we  should  h^e  one  half 
IP^f  the  pressure  of  the  atmosphere;  if  cooled  to  J^o,  we 
I      aliould  still  lose  Atb.    The  inspection  of  this  tabic  is  of 
^Bp^eat  use  for  understanding  and  improving  tliis  noble  ma- 
^Khiue ;  and  without  a  con&tant  recollection  of  tlie  elasticity 
Wff  itfiam  corresponding  to  its  actual  heati  wc  shall  never 
have  a  notion  of  die  niceties  of  its  operation* 

TLe  reader  must  now  be  so  well  acquainted  whh  what 
in  the  stearo-resscl,  and  wiili   the  exterior  results 
iU  as  readily  to  comprehend  the  propriety  of  the 
inges  which  we  shall  now  descril>c  as  having  been  made 
tlie  construction  and  principle  of  the  Bteam-engine. 
10*  Of  all  places  in  England,  the  tin-mines  of  (Cornwall 
most  in  need  of  hydraulic  assistance;  and  Mr  Savnry 
mucii  engaged  in  projects  for  draining  ihem  by  hisstoam- 
igiDe.     This  made  its  construction  and  principles  well 
lown  among  the  machinists  and  engineers  of  that  neigh- 
'urhood.     Among  these  were  a  Mr  Newcomcni  an  iron- 
monger or  blacksmith^  and  Mr  QiwJoy,  a  glazier  at  Dart- 
moutliy  in  Devonshire,  who  had  dabbled  much  with  this 
lachioe.     Newcomen  was  a  person  of  some  reading,  aj»4 
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w&f  ID  particular  acquainted  with  the  perBon»  writingt^  and 
projects  of  his  countryman  Dr  Ilooke.  Tiiere  are  to  be 
found  among  Hooke's  paperS}  in  the  poBsewion  of  ilie 
Royal  Societ}',  some  notes  of  observations^  for  the  a&e  of 
Newcomen  his  countryman,  on  Papin'a  boasted  method  of 
transmitting  to  a  great  distance  the  action  of  a  mill  by 
means  of  pipes.  Pupin'a  project  was  to  employ  the  mill  to 
work  two  air-pumps  of  great  diameter.  The  cylinders  of 
these  pumps  were  to  communicate  by  means  of  pipcA  with 
equal  cylinders  furnished  wilh  pistons,  in  the  neighbour- 
hood of  a  distant  mine.  TJiese  pistons  were  to  be  connect- 
ed, by  means  of  levers,  with  the  piston-rods  of  the  mine. 
Therefore,  when  the  piston  of  the  air-pump  at  the  mill  wi 
drawn  up  by  the  mill,  the  corresponding  piston  at  the  si 
of  the  mine  would  be  pressed  down  by  the  atmosphere,  and 
thus  would  raise  the  piston-rod  in  the  mine,  and  draw  the 
water.  It  would  appear  from  these  notes,  that  J)r  Hooke 
had  dissuaded  Mr  Newcomen  from  erecting  a  mucbtne  on 
.this  principle,  of  which  lie  had  exposed  the  fallacy  in  9^ 
vcrnl  discourses  before  the  Royal  Society.  One  passage 
is  remarkable,  "  Could  he  (meaning  Hapin)  make  a  upeedjf 
Vacuum  under  your  second  piston,  3'our  work  is  done." 

11,  It  is  highly  probable  that,  in  the  course  of  this  specu- 
lation, it  occurred  to  Mr  Newcomen  that  the  vacuum  he  fO 
much  wanted  might  be  produced  by  steam,  and  that  ihia 
gave  rise  to  his  new  principle  and  construction  of  tl»e  steam- 
engine-  The  specific  ilesidcratum  was  in  Newcomen'smind; 
and  therefore,  when  Savary's  engine  appearcc?,  and  became 
known  in  his  netghlx)urhood  many  years  after,  he  would 
readily  catch  at  the  help  whicli  it  promised. 

Sftvary,  however,  claims  the  invention  as  his  own ;  but 
Switzcr,  who  was  personally  acquainted  with  both,  is  posi- 
tive that  Newcomen  was  the  iuventor.  By  his  principle* 
(as  a  quaker)  being  averse  from  contention,  he  was  con- 
tented to  share  the  honour  and  the  profits  with  Savary, 
whose  acquaintance  at  court  enabled  him  to  procure  tlie 
patent  in  170^,  in  which  all  the  three  were  associated. 
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cnty  lias  done  justice  to  the  modest  inventor,  and  the 
ine  is  universally  called  Newcomen's  Engine,     lu 
ncjple  and  mode  of  operation  may  be  clearly  conceiTcd 
follows. 

Let  A  (fig.  7.)  represent  a  great  boiler  properly  buflt  ia 

furnace.    At  a  small  height  above  it  is  a  cylinder  CBBC 

metal,  bored  very  truly  and  smoothly.*  The  boiJer  com- 

nnicatos  with  this  cylinder  by  means  of  the  throat  or 

am-pipe  NQ.    The  lower  aperture  of  this  pipe  is  shut 

the  plate  N,  which  is  ground  very  flat,  so  as  to  appiy 

ry  accurately  to  the  whole  circumference  of  the  orifice. 

his  plate  is  called  the  regulator  or  steam-cock,   and  it 

m«  horizontally  round  an  axis  h  a,  which  passes  through 

e  top  of  the  boiler,  nnd  is  nicely  futet!  to  the  socket,  like 

e  key  of  a  cock,  by  grinding.    The  upper  end  of  this  axis 

furnidiei!  wiih  a  handle  b  T. 

A  piston  P  is  suspended  in  this  cyUnder,  and  made  air- 
ht  by  a  packing  of  leather  or  soft  rope,  well  filletl  with 
loWj-f  and,  for  greater  security,  a  quantity  of  water  iB 
t  above  the  piston.  The  piston-rod  PD  is  suspended  by 
chain  which  is  fixed  to  the  upper  extremity  F  of  the 
arched  head  VD  of  the  great  lever,  or  woeking  beam  HK, 
which  turns  on  the  gudgeon  O.  There  is  a  similar  arched 
head  EG  at  the  other  end  of  the  beam.  To  its  upper  ex- 
iremilj  E  is  fiicd  a  chain  carrying  the  pomp-rod  XL, 
^Hihich  raises  the  water  from  tlie  mine.  The  load  on  this 
^^■sd  of  the  beam  is  motlc  to  exceed  considerably  the  weight 
^^■Ttbe  piston  P  at  the  other  extremity. 
^^B  At  some  small  height  above  the  top  of  the  cylinder  is 
^^^' cistern  W,  called  the  in.ieci'Ion  cistern.  From  this 
descends  tlic  injection  pipe  ZSR,  which  enters  the  cy- 
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ray  much  oihwisc. 
t  <*  T«Uovr,  wiu  ooljT  Qsed  to  lesieu  tbe  fricUon  wheo  the  [uickiiig  nf  iho 
a  was  reucw«d,  not  to  keep  the  piatoa  tight  j  for  that,  the  water  w«i  6^ 
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lioder  di rough  iu  bottom,  snil  Urminatcs  in  a  nmill  hole 
11,  or  soniotimcfi  in  a  nozzlo  pierced  with  many  smaller 
holes  diverging  from  a  centre  in  all  dtrections.  This  fiipc 
has  at  S  a  cock,  called  the  injectjon  cock,  filtetl  witli  a 
handle  V. 

At  the  opposite  side  of  the  cylinder,  a  little  above  its 
boliom,  there  i»  a  lateral  pipe,  turning  upwards  at  the  ex- 
tremity, and  there  covered  by  a  clack-valve^  called  the 
&NIFTING-VALVC,  which  lios  a  little  dish  round  it  to  hold 
ivater  for  keeping  it  air-tight. 

Theie  proceeds  also  from  tlie  bottom  of  the  cylinder  a 
pipe  d  e  gh  (pasbing  behind  the  boiler),  of  which  the  lower 
end  \&  turned  upward*,  and  is  covered  with  a  valve  /;.  This 
part  is  immersed  in  a  cistern  of  water  Y,  called  the  tioT 
VELL,  and  the  pipe  iuelf  is  called  the  eduction  pip& 
Lastly,  the  boiler  is  furnislied  with  a  safety-valve,  called 
the  PUPPBT-cLACK  (which  is  not  represented  iu  tlui  sketdi 
for  want  of  room),  in  the  same  manner  as  Savary's  engine. 
This  valve  is  generally  loaded  with  one  or  two  pounds  on 
the  square  inch^  so  that  it  allows  the  steam  to  escape  when 
its  elasticity  is  one-tenth  greater  than  that  of  common  air. 
Thus  all  risk  of  bursting  the  boiler  is  avoided,  and  the 
pressure  outwards  is  very  moderate;  so  also  is  the  heat, 
For,  by  inspecting  the  table  of  vaporous  elasticity,  we  see 
that  the  heat  corresponding  to  32  inches  of  elasticity  is  only 
abput  216'  of  Fahrenheit's  tliermomcter. 

These  are  all  the  essential  parts  of  tlic  engine,  and  are 
here  drawn  in  the  most  simple  form,  till  our  knowledge  of 
llieir  particular  offices  shall  shew  tlie  propriety  of  the  j^ecu- 
liar  forms  which  are  given  to  them.  Let  us  now  see  how 
tlie  machine  is  put  iu  motion,  and  what  is  the  nature  of  its 
work. 

I  c;.  The  water  In  the  boiler  being  supposed  to  be  in  a  state 
iff  strong  ebullition,  and  tlie  steam  issuing  by  the  safety- 
Vfllvc,  let  us  consider  thr  machine  in  a  state  of  rest,  having 
both  the  flteam-cock  and  injcction-cock  shut.  The  resting 
position  or  attitude  of  the  machine  must  be  such  as  appears 
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ill  this  sketch,  the  pump  rods  preponderating,  and  the  j^reftt 
ton  being  <lrawn  op  to  the  lop  of  the  cylinder.    Now  open 
stram-cock  by  turning  the  handle  T  of  the  regulator, 
csteamfromlbeboilerwill  immediately  rush  inland  being 
iighttr  than  the  airy  mil  take  the  upper  part,  ond  will  force 
tfie  air  to  issue  6y  the  snif'tirig-vfifve:  But  much  of  it  will  be 
condenftcd  by  tlie  cold  surface  of  the  cylinder  and  pi^^ton, 
and  the  water  prmluccd  from  it  will  trickle  down  the  sides^ 
and  run  off  by  ihe  educlion-pipe.     This  condensation  and 
wQpite  of  steam  will  continue  till  the  whole  cylinder  and  pis- 
ton arc  made  as  hut  aa  boiling  water.    When  this  happens, 
e  steam  will  aito  brgin  to  iaue  through  the  snifting'Vahe% 
wly  nt  first,  and  very  cloudy,  being  mixed  with  air.  The 
st  atywill  grow  stronger  by  degrees,  and  moretranspa* 
rent,  having  already  cairied  off  the  greatest  part  of  the 
mmon  air  which  filled  the  cylinder.    We  supposed  that 
e  water  was  boiling  briskly,  bo  that  the  steam  was  issuing 
by  the  safety-valve  which  is  in  the  top  of  Uic  boiler,  and 
through  every  crevice.     The  opening  of  tlic  steaoKock 
put^  an  end  to  this  at  once,  und  the  cold  cylinder  abstracts 
the  steam  from  the  boiler  with  great  rapidity.    Wc  may 
here  mention  an  accident  of  wliich  we  were  witnesses,  which 
also  shows  the  immense  ropidity  of  the  condensation.   The 
boiler  was  in  a  frail  shod  at  the  side  of  the  engine-house ; 
a  shoot  of  snow  from  the  top  of  the  house  fell  down  and 
broke  through  the  roof  of  the  shed,  and  was  scattered  over 
the  head  of  the  boiler,  which  was  of  an  oblong  or  oval 
ape.   In  an  instant  the  sides  of  it  were  squeezed  together 
the  pressure  of  the  atmosphere- 
When  the  manager  of  tlie  engine  perceives  that  not 
only  the  bla«t  at  the  snifting-valve  is  strong  and  steady,  but 
that  the  boiler  is  now  fully  supplied  with  steam  of  a  proper 
strength,  appearing  by  the  renewal  of  the  discharge  at  the 
safety-valve,  he  shuta  Uie  steam-cock,  and  opens  the  injec- 
t]on*cock  S  by  turning  its  handle  V.     The  pressure  ot  the 
column  of  water  in  the  injection-pipe  /S  immediately  for- 
ces lome  water  through  the  spout  U.    This  coming  iu  con- 
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Uct  with  the  pure  vapour  which  now  fills  the  cyh'nder, 
condenses  it^  and  tiius  makes  a  partial  voidy  iolo  which  the 
more  distant  iiteani  immediately  expuxids,  and  is  aUo  condtM' 
sed.    The  water  spouts  rapidly  iJirou;;h  the  hole  U  by  the 
joint  action  of  the  column  ZS,  and  the  pressure  uf  the  at- 
mosphere; at  the  satne  time  the  »niftin;r  valve  /',  nnd  the 
cduction-valve  h,  arc  shut  by  the  uitl)alanced  pressure  of 
the  atmosphere.     The  velocity  of  the  injection  water  mu«t 
Uicrefore  rapidly  increase,  and  the  jet  will  dash  (if  single) 
against  llic  bottom  of  the  piston,  and  be  scattered  throu}{h 
the  whole  capacity  of  the  cylinder.     In  a  very  short  >pace 
of  time,  therefore,  the  condensation  of  the  steam  bccomct 
general^  and  the  clabticity  uf  what  remains  is  ^rcaUif  ime/i' 
ed^  probably  to  onlif  f,  or  J  of  that  of  the  atmoiphtre*  Mfan^ 
frhiie  the  wJiole  pressure  of  the  atmosphere  continues  to  act  tqtoa 
the  upper  side  of  the  piston,  and  not  bdng  counter  balanced  bif 
that  of  the  weak  steam  which  now  fills  the  cylifuler ;  if  the  toad 
on  tJie  outer  end  of  tite  working  beam  is  inferior  to  tlie  differ^ 
ence  of  these  pressures^  it  must  yield  to  it.     The  piston  P 
must  descend,  and  the  pump  piston  L  must  ascend,  bring- 
ing along  with  it  the  water  of  the  mine,  and  the  motion 
must  continue  till  the  great  piston  reaches  the  bottom  of  the 
cylinder  j  for  it  is  not  like  the  motion  which  would  take 
place  in  a  cylinder  of  air  rarefied  to  the  same  degree.     In 
this  last  case,  the  impelling  force  would  be  continually  di- 
minished, because  the  capacity  of  the  cylinder  is  diminish- 
ed by  the  descent  of  the  piston,  and  the  air  in  it  is  contiau- 
ally  becoming  more  dense  and  elastic.     The  pititon  would 
stop  at  a  certain  height,  where  the  elasticity  of  the  inclnded 
air,  together  with  the  load  at  £»  would  balance  the  atmo»* 
phcrical  pressure  on  the  piston.    But  when  the  contents  of 
the  cylinder  are  pure  vapour,  and  the  continued  stream  of 
injected   cold  water  keeps  down   its  temperature  to  the 
same  pitch  as  at  the  beginning,  the  elasticity  of  the  remain- 
mg  steam  can  never  increase  by  the  descent  of  the  pisloot 
nor  exceed  what  corresponds  to  this  temperature.    Tlie  im- 
peUing  or  accelerating  force  therefore  remalai  the  aame. 
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And  tlie  descent  of  the  piston  will  be  uniforxitly  accelerated, 
if  there  U  ooi  an  increase  of  resistance  arising  from  the  na* 
turc  of  the  work  |ierformcd  by  the  other  end  of  the  beam. 
Thi*  circumhtance  will  come  under  consideration  atier- 
Vftrds,  and  we  need  not  attend  to  it  at  present*  It  it 
enoiif.h  for  our  present  purpose  to  sec  that  if  the  cylinder 
has  been  completely  pur^^ed  of  common  air  before  the 
steau-<x}ck  was  shut^  and  if  none  has  entered  sincey  tlw 
piston  will  descend  lo  the  very  bottom  of  the  cylinder.  And 
this  may  be  freijueutly  observed  in  a  good  steam-engine 
whero  every  part  is  air-light.  It  sometimes  happens^  by 
the  pit-pucnp  drawing  air,  or  some  part  of  the  communi- 
cation between  the  two  strains  giving  way,  tiiat  the  piston 
coroes  down  with  such  violence  as  to  knock  out  the  bottom 
of  the  cylinder  with  tlie  blow. 

1 3.  The  only  observation  which  remains  to  be  made  on  tlie 
motion  of  the  piston  in  descending  is,  dial  it  docs  not  be- 
gin at  the  instant  the  injection  is  made.  The  piston  was 
kept  at  the  top  by  the  prepondcrancy  of  the  outer  end  of 
the  working  beam,  and  it  must  remain  there  till  the  difiPer- 
ence  Ih-'twcen  the  elasticity  of  the  steam  below  it  and  the 
pressure  of  the  atmosphere  exceeds  this  preponderancy. 
There  must,  diereforc,  be  a  small  space  of  time  between 
the  beginning  of  the  condensation  and  the  beginning  of  the 
motion*  This  is  very  small,  not  exceeding  the  third  or 
the  Cuurdi  part  of  a  second  ;  but  it  may  be  very  distinctly 
obKnred  by  an  attentive  spectator,  lie  will  see,  that  the 
instant  the  injection-cock  is  opened,  the  cylinder  will  sen- 
sibJj  rise  upwards  a  little  by  the  pressure  of  the  air  on  its 
bottom.  Its  whole  weight  is  not  nearly  equal  to  this  press- 
ure ;  and  instead  of  its  being  necessary  to  support  it  by  a 
strong  floor,  we  must  iceep  it  down  by  strong  beams  loaded 
by  heavy  walls.  It  is  usual  to  frame  these  beams  into  tlie 
posts  which  carry  the  axis  of  the  working-beam,  and  they  are 
therefore  loaded  with  tlie  whole  strain  of  the  maclune.  This 
riftng  of  the  c)Undcr  shows  the  instantaneous  commence- 
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ment  of  tlie  condensation ;  and  it  is  not  till  ajier  Uiis  hiu 
been  distinctly  observed  that  tbe  piston  is  seen  to  etart,  tmd 
heijin  to  descend. 

When  the  manager  9cc«  the  piston  as  low  as  he  ihinka 
proper,  he  shuls  the  injection-cockj  and  opena  tbe  Bteam- 
cocic.  The  steam  hus  been  accumulating  alx>vc  the  water 
in  the  boiler  during  the  whole  time  of  tlie  piston's  desccnt« 
and  is  now  tl»e  puppet-elack.  The  moment,  therefore,  that 
the  steam-cock  is  opened^  it  rushes  violently  into  the  cy- 
linder, havinj*  an  elasticity  greater  than  that  of  the  air.  It 
therefore  immediately  blows  open  the  snifting-valve,  and 
allows  (at  least)  the  water  which  had  come  in  by  the  former 
injection,  and  what  arose  from  the  condenscil  btcam,  to  de- 
scend by  its  own  weight  through  the  eduction  pipe  de  g  K, 
to  open  the  valve  //,  and  to  run  out  into  the  hot  well.  A 
portion  of  the  steam  it  neccMarili/  condensed  in  heating  thetuf' 
face  of  the  water  in  the  ct/liuder,  the  tides  of  that  ve$sei  and 
the  i(Wer  turfate  of  the  piiton,  and  although  these  are  already 
vertf  rtarm^  tfet  ifie  quantitt/  oj  steam  condensed  is  convderable; 
generally  much  more  than  what  would  be  necessary  to  fill  a  cy* 
Under  which  was  already  of  the  heat  of  boiling  uater. 

This  first  puff  of  the  entering  steam  is  of  great  ficr\'icc; 
it  drives  out  of  the  cylinder  the  vapour  which  it  finds  there. 
This  is  seldom  pure  watery  vapour:  all  water  contains  a 
quantity  of  air  in  a  state  of  chemical  union.  The  union  is 
but  feeble,  and  a  boiling  heat  is  sufhcient  for  discngagmg 
the  greatest  part  of  it  by  increasing  its  elasticity.  It  may 
also  l)e  disengaged  by  simply  remonng  the  exlemal  prcsfr* 
ure  of  the  atmosphere.  This  is  clearly  seen  when  we  eac- 
jM)se  a  glass  of  water  in  an  exhausted  i-cc^ivcr.  Tlicreforc 
the  small  space  below  the  piston  contains  watery  vapour 
mixed  with  all  the  air  which  had  been  disengaged  from  the 
water  in  the  boiler  by  ebullition,  and  all  that  was  separated 
from  the  injection  water  by  the  diminution  of  externa) 
pressures.  All  tliis  is  blown  out  of  the  cylinder  by  the  first 
pufl'of  aicam.     Wc  way  oUeivc  in  this  placc>  t!i:it  waters 
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differ  exceedingly  in  the  quantity  of  air  which  they  hold  in 
a  (itatc  of  solution.  All  spring  water  contains  much  of  it : 
uid  water  newly  brought  up  from  deep  mines  contains  & 
veal  deal  more,  because  the  solution  was  aided  in  these 
vktMtioni  by  great  ])ressure.  Such  waters  sparkle  when 
poured  into  a  glass,  it  is  therefore  of  consequence  to  the 
good  performance  ot  a  steam-engine,  to  use  water  contain- 
ing little  air,  both  in  the  boiler  and  in  the  injectiun-cistern. 
The  water  of  running  brooks  is  preferable  to  all  others ; 
and  the  freer  it  is  from  any  saline  impregnation,  it  generally 
contains  less  air.  The  air  collected  below  the  piston  diminishes 
the  aecfifmtin^  force ^  and  the  saline  mutters  contained  in  such 
wairr^  are  alia  extrevtelt/  hurtful^  by  encrusting  the  hoilersy  and 
rendrring  them  less  pcrctous  to  heat.  It  is  tht^reforc  advise^ 
able  to  keep  water  $u  impregnated^  in  a  large  thallorr  pond  for 
tttfrie  time  before  it  is  med ;  or  rather  to  cool  the  water  which 
has  been  ttsed  t,v  such  a  portdy  and  to  use  it  in  place  of  fresh  pit' 
water,  a-%  tite  heat  and  cthaustion  it  hai  undergone  cause  it  to 
pari  tcith  the  air  it  eontaxnedt  and  to  deposit  the  saline  or 
tartltt/  ntuttern. 

JjtX  u«  now  consider  the  state  of  the  piston.  It  is  evident 
tbal  it  will  start  or  begin  to  rise  the  moment  the  steam* 
cock  is  opened ;  for  at  that  instant  the  excess  of  atmosphe- 
rical pi*essiire,  by  which  it  was  kept  down  in  opposition  to 
the  preponderancy  of  the  outer  end  of  the  beam,  is  dimi- 
nUlied.  The  piston  is  therefore  pulled  upwards,  and  it 
iRfJll  rise  even  although  the  steam  which  is  admitted  be  not 
so  elastic  as  common  air.  Suppose  the  mercury  in  the  ba- 
rometer to  stand  at  30  inches,  and  that  the  preponderancy 
at  the  outer  end  of  the  beam  is  tli  of  the  pressure  of  the 
air  on  the  piston^  tlie  piston  will  not  rise  if  the  elasticity  <j^ 
the  iteam  is  not  equal  to  30—5°,  that  is,  to  £6.7  inches 
nearly ;  but  if  it  is  just  this  quantity,  the  piston  will  rise  as 
fiut  as  this  steam  can  be  supplied  through  the  steam-pipe^ 
and  the  velocity  of  its  ascent  depends  entirely  on  the  vclo- 
city  of  this  supply.     This  observation  is  of  great  import- 
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ance;  and  it  docs  not  seem  to  have  occurred  to  tie  matbi 
XDBlicianii,  wiio  Lave  paid  most  attention  to  the  mccbi 
of  llie  motion  of  this  cugioc.  In  die  mean  time,  we  may 
clearly  sec  that  the  entry  of  the  steam  depends  chledy  on 
the  counter  weiffht  at  £  -,  for  auppose  there  was  aooe^ 
t»tcam  no  stronger  than  air  would  not  enter  tlie  cylinder  at 
all  i  and  if  the  steam  be  stronger,  it  wili  cater  only  by  the 
excess  of  its  strength.  Writers  on  the  steam-engine  (and 
even  some  of  rrreat  reputation)  familiarly  speak  of  the  stcatn 
giving  the  piston  a  push  :  I3ut  this  is  scarcely  possible.  Du* 
Jin^  tlie  rise  of  the  piston  the  snifting-valve  is  never  obser- 
ved to  blow  J  and  we  have  not  heard  any  well-atteUed  ac- 
counts of  the  pistou-chtiins  evci  being  slackened  by  the  up- 
ward pressure  of  the  steam,  even  at  the  vciy  beginning  of 
the  stroke.  During  the  rising  of  the  pif^ton,  the  steam  u 
(according  to  the  common  conception  and  manner  of  Kpeak- 
iog)  sucked  in,  in  the  same  way  that  air  h  sucked  ijito  a 
common  syringe  or  pump  when  we  draw  up  tlic  piston ;  for 
in  tije  steBm-engine  the  piston  is  really  drawn  up  by  the 
counter  weight.  But  it  is  still  more  sucked  in,  and  requiref 
a  more  copious  supply,  for  another  reason.  As  the  piston 
descended  only  in  consequence  of  the  inside  of  the  cyhn- 
der's  being  suflicienlly  cooled  lo  condense  the  steam,  ihl* 
cooled  surface  must  again  be  presented  to  the  steam  dnrtog 
the  rise  of  the  piston,  and  must  condense  steam  a  second 
time.  The  piston  cannot  rise  another  inch  till  the  part  of 
the  cylinder  which  the  piston  has  already  quilted,  has  been 
warmed  up  to  the  boiling  point,  and  steam  must  be  ex- 
pended in  this  warming.  The  inner  surface  of  the  cylin- 
der is  not  only  of  the  heat  of  boiling  water  while  the  piston 
Tises,  but  is  also  perfectly  dry  ;  for  the  film  of  water  left  on 
it  by  the  ascending  piston  must  be  completely  evaporated, 
otherwise  it  wili  be  condensing  steam.  The  ijuetnlit^  Ihui 
icaUcd  w,  as  tee  have  $aidy  comderable  i  it  varies  in  different 
enginat  tuconliiig  to  their  load,  and  other  circumstances,  from 
thri4  quarters  (forte /if I  to  Uo  Jills  of  (he  rj/tiudcr,  as  tec  hare 
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learnt  from  Mr  Waii's  experiments.  The  experiments  vhieh 
Dr  Desagutiers  relates  as  wade  hi/  Mr  Beighton  upon  the 
comumptioti  of  steam  bij  a  certain  engine^  were  in  themselves 
erroneota,  and  ike  Doctor's  calculations  founded  upon  them 
tgere  still  more  so.  From  them  he  made  the  deduction,  that 
^ieam  teas  14,000  times  rarer  tluin  water ;  but  Mr  ^fatt,  whow 
experiments  have  beertj'ulljf  verijied  by  long  praciice  on  a  great 
scale,  mahei  it,  when  under  the  pre><ure  of  the  atnwtphfre  and 
of  tJte  heat  of2\S^,  only  from  18O0  to  GOOD  times  less  heav§ 
ikon  the  tame  buUc  oficuttr. 

18.  Thcmoving  fore*  <Iurinjrtlie  ascent  of  ihepiftton  must 
be  consiiJered  fis  re&ulliii^  cliicHy,  if  not  solely,  from  the 

.jjirepontJeraung  weight  of  tbe  pit  piston-ro<I«.  The  office 
ofthi&u  to  return  the  ste.iin-piston  to  the  top  of  the  cylin- 
der,  where  it  may  again  be  pressed  dovm  by  the  air,  and 
make  another  working  stroke  by  raising  the  pump-roda. 
But  the  counter-weight  at  E  Ims  another  service  to  perform 
Jn  this  use  of  the  engine,  namely,  to  return  the  pump  pi«- 
lons  into  their  places  at  the  bottom   of  their  respective 

hltorking  bnrrels,  in  order  that  they  may  make  a  working- 
ilroke.  lljis  requires  force  indqicndent  oi  the  friction 
and  inertia  of  (he  moving  parts  ^  lor  each  piston  must 
I  be  pufabcd  down  through  the  water  in  tiic  barrel,  which 
mtifti  rise  through  the  piston  with  a  velocity  whose  pro- 
portion to  the  velocity  of  tlie  piston  is  the  sunic  wnh  that 
,  of  tlfce  area  of  the  piston  to  the  area  ol  the  por(or*»tion 
L  42irougb  which  the  water  rises  through  the  piston.  It  is 
I  -€0ou^  at  pre^i-nt  to  mention  this  in  general  terms:  we 
ahaU  con»tider  It  more  particularly  afterwards,  when  wc 
ooroe  to  calculate  the  performance  of  the  engine,  and  to  de- 
duce frv>m  our  ac<|uired  knowledge  maxims  of  construclioa 
and  improvement. 

19.  From  this  general  consideration  of  the  ascent  of  the 
piston,  we  may  fecethai  the  motion  dlfTers  greatly  from  the 
liesceni.  It  can  hardly  be  supposed  to  accelerate,  even  if 
llie  alcttm  in  the  cylinder  were  in  a  moment  annihilated, 
For  iho  resistance  to  the  descent  of  the  piston  is  the  bb 
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with  the  wci|»lit  of  tlio  column  af  waler,  whkli  wook] 
it  to  flow  through  the  opaiing  of  the  pump-piiton  with 
Vdlocily  with  which  it  really  rises  througti  it,  and  mtnt 
thcreibre  increase  as  the  M^uare  ot  thnt  vcl<icitj  incrcweis 
tlifit  is.  us  the  h(|uare  uf  the  vdocity  ofUic  pi&ton  ind^esws. 
Independent  of  friction,  therefore,  tl»e  velocitj  of  ilesocat 
tfaroDgh  the  water  must  soon  l)ccui)Te  u  nrnximoin,  and  iht 
motion  become  uniform.  We  shall  sue  by  and  by,  that  ifl 
such  a  pump  ns  is  ^*nerully  used  this  will  happen  in  IcM 
tlian  the  lOtli  part  of  a  second.  The  friction  of  the  pomp 
will  diminish  this  velocity  a  little,  and  retard  the  time  of 
itfi  fittaining  uniforniity*  But,  on  the  other  hand,  the  si^ 
ply  of  stean)  which  is  necessary  for  this  motion,  beii^g  sui- 
cejuiblc  of  no  acceleration  from  its  previous  motion,  and 
depending  entirely  on  the  briskness  of  tlic  ebuliition,  an  a)- 
n)09t  instantaneous  stop  is  pnt  to  acoeleratioa. 

Aceordingl}',  any  person  wlio  observes  ^v-iih  attention  ihc 
woiking  of  a  btcoui-enginej  will  see  that  the  rise  of  the  pit- 
Con  and  descent  of  the  pump«rodti  is  extremely  uniform, 
whereas   the  working-stroke  is  very  sensibly  acoderaiaL 

^0,  Before  quitting  this  part  of  the  subject,  and  leit  it 
should  afterwards  escape  our  recollection^  we  may  observe, 
that  tlie counter- weight  is  diiferent  during  the  two  modotiaof 
the  pump-rods.  The  machine^  when  mukiug  a  tear  king-si  rvk$t 
is  HJting  not  only  the  column  of  water  in  the  pump,  but  the 
absolute  weight  ol'  the  pump-pi$ta9u  trtid  pump'todt  also  :  bttt 
while  the  pump-rods  arc  desceiuliug>  there  ie  a  diminuiioR 
of  the  conn  tcr-w eight  by  the  whole  weight  lost  by  the  ira- 
inersion  of  the  rod  in  water.  The  wooden  rods  which  arc 
]r»enerally  used,  soaked  in  water,  and  joined  by  iron  straps, 
arc  heavier,  and  but  a  little  heavier,  than  wuter»  and  they 
ore  generally  about  one-third  of  the  bulk  of  the  water  iu  tbe 
puraps. 

1  hese  two  motions  complete  the  period  of  the  operation ; 
«Jid  the  whole  may  bo  repeated  by  shutting  the  steam-cock 
and  o{)ening  the  injection-cock  whenever  the  piston  has  otr 
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taSmvi  the  proper  height.  Wc  havo  been  very  minate  in 
CMtr  altCDtion  to  the  ditferent  circunutancefl^  that  the  rend- 
ctrsu^bav*:  ''  ■  irt  notion  of  the  stale  of  th©  roOTJng  for- 
ces in  even  :  '  I  oi'  ilie  o|>erniuin.  It  is  by  no  means 
sofficicot  iiktt  we  Juiow  in  geneial  that  the  injection  of  cold 
mter  aako  a  void  whidi  allows  the  air  to  press  down  tlie 

uteoiH  and  that  the  rout  1  miss  Ion  ol'  ibe  i^team  allow^a  the 

^^ma  lo  rke  again.  This  sJovenly  vvay  of  viewing  it  has 
mng  provcnled  even  tlie  philosopher  from  seeing  the  defects 
of  the  coa&Lructian,  and  the  inetbo<ls  of  removing  them. 

ttl.  Wcno«  we  the  great  difiertHice  bet\veen  Savary's  and 
Nqwcoocd's  engine  in  reapect  of  principle.  Salary's  was 
rcoily  an  engine  which  raised  water  partly  6y  Ute  force  of 
U9mm^  and  partitf  bij  Mr  ftntsuis  of  th€  atmosphere ;  bat 
NevcocDfBi's  raises  water  cntirily  by  the  pressure  of  the  at- 
moipberc,  and  fttenni  is  eniployctl  merely  ns  ihe  nutst  expe- 
ibtioiM  meihoti  of  producing  a  void,  into  which  the  uttnos* 

^■prical  pressure  may  impel  ihejirst  movev  of  his  machine. 

^Bb  efavlifiily  of  the  steam  is  not  the  first  mover. 

9S*  We  fee  al«o  the  great  superiority  of  this  new  machine. 
We  have  no  need  of  steam  of  great  and  dangeroiM  elasti- 
city s  and  we  operate  by  means  oi*  very  moderate  heats, 
and  cooiequently  with  much  smaller  quantities  of  fuel;  and 
ik€  bomndanei  to  ihg  poxcer  of  tlus  macbine  are  noi  the  Hrength 
wWcA  ce  can  give  to  boilers  and  vylinden  to  resht  internal 

Cure,  bmt  the  dimension$  to  which  «ic:  ttmyjiftd  it  practi- 
e  er  ejpedieftt  to  make  theroj  and  other  parti  of  the  ma* 
e,  mcA  as  the  icorking-heam,  or  great  fever,  and  its  appear 
V.  Andy  lastly,  tiiis  form  of  the  machine  renders  it  ap- 
pticable  to  almost  every  mechanical  purpose;  because  a 
ikilfu]  mechanic  can  readily  iind  a  method  of  converting 
the  reciprocating  motion  of  tlie  working-beam  into  a  mo- 
tion of  any  kind  which  may  suit  his  purpose.  Savary's  en- 
gine could  bardly  admit  of  such  an  immediate  application, 
and  aeeooft  almost  restricted  to  raising  water. 
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23.  Inventions  Improve  b;  degrees.  This  engine  was  first 
offered  to  the  public  iu  1703.  But  many  difficulties  occur* 
red  in  llie  execution,  which  were  removed  one  by  one;  and 
It  was  Dot  till  1712  that  the  engine  seemed  to  give  conS* 
dence  in  its  efficacy.  The  most  exact  and  unremitting  at- 
tention of  the  nian»j;er  was  retjuired  to  die  precise  momeirt 
of  opening  and  shutting  the  cocksy  and  neglect  might  h^ 
qiiently  be  ruinous,  by  beating  out  the  bottom  of  the  cylici* 
dcFj  or  allowing  the  piston  to  be  wholly  tirawn  out  of  it. 
Stops  were  contrived  to  prevent  both  ot  the^e  accidents; 
then  strings  were  used  to  connect  the  handles  of  the  cockt 
with  the  beam,  so  that  they  should  be  turned  whenever  it 
was  in  certain  positions. 

24.  These  strings  were  gradually  changed  and  Improved 
into  detents  and  catches  of  different  shapes ;  at  last,  it?  1717, 
Air  Beighton,  a  very  ingenious  and  well-informed  artist, 
simplified  the  whole  of  these  subordinate  movements^  and 
brought  the  machine  into  the  form  in  which  it  has  continued) 
without  the  smallest  material  change*  to  the  present  day. 
We  shall  now  describe  one  of  these  improved  engines,  co- 
pying nearly  the  drawings  and  description  given  by  Bossat 
in  his  lii/ch^i^nnmique ;  these  being  by  far  the  most  accu- 
rate and  perspicuous  of  any  that  have  been  published. 

2^.  Fij;.  tfp  No.  K  Plate  11.  is  a  vertical  section  of  the 
boiler,  cylinder,  and  all  the  parts  necessary  for  turning  the 
cocks.  Fig.  t>.  No.  2.  is  a  plan  of  the  ap|)aratU6  for  open- 
ing And  shulling  the  steam-regulator;  and  the  same  pieces 
of  lioih  are  marked  with  the  same  letters  of  reference. 

The  rod  X  of  the  piston  P  is  suspended  froD)  tlie  arch 
of  the  Working-beam,  as  was  represented  in  the  preceding 
sketch  (fig.  7.)'  An  upright  bar  of  timber  FG  is  also  seen 
hanging  by  a  chain.  Tliis  is  suspended  from  n  concentric 
arch  of  the  beam,  as  may  be  seen  also  in  the  sketch  at  ^  X' 
Ilie  bar  is  called  the  plug-itum  ;  and  it  must  rise  and  fall. 
with  llie  pistoDj  but  with  a  slower  motion*  The  use  oi'  tbi»t 
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i)htg-beftm  i«  to  give  motion  to  the  different  pieces  which 
turn  the  cocks. 

Thfl  &team-pipe  K  is  of  one  piece  with  the  bottom  of  the 
cylinder,  and  rises  within  it  three  or  four  inches,  to  prevent 
any  of  tlie  coid  injection  water  from  fulling  into  the  boiler. 
The  lower  extremity  Z  of  ilic  steam-pipe  penetrates  the 
head  of  the  boiler,  projecting  a  little  way.  A  ilnt  plate  of 
brasty  Id  shape  resembling  n  racket  or  battledore,  called 
tb«  rtguiator^  applies  itself  exactly  to  the  whole  circum- 
ference of  the  fileam-pipc,  and  completely  exclude'*  the 
etcam  firom  the  cylinder,  licing  moveable  round  an  up- 
right 8X18,  which  is  represented  at  the  side  of  the  steam- 
pipe  in  the  profile^  it  may  be  turned  aside  by  the  handle  j. 
No.  I.  and  2«  Tlie  profile  shews  in  the  section  of  this  plate 
a  protubcronce  in  the  middle.  This  refits  on  a  strong  flat 
ipringy  which  is  fjxed  below  it  athwart  the  mouth  of  the 
stcHB-pipe.  This  spring  presses  it  strongly  towards  the 
steam-pipe,  causing  it  to  apply  very  close;  and  this  knob 
slides  tdong  the  spring,  while  the  regulator  turns  to  the 
ri^ht  or  left. 

Wc  hare  said  that  the  injection- water  is  furnished  from 
■A  cistern  placed  alwve  the  cylinder.  When  the  cistera 
P^Bt)Oot  be  supplied  by  pipes  from  some  more  elevated 
I  source,  lU  water  is  raised  by  the  machine  itself.  A  small 
I  lifting  pump  i  k  (fig.  7.  Plate  I.),  called  the  jack-head  or 
fttqaettCj  k  worked  by  a  rod  1 1,  suspended  from  a  concentric 
arch  » y  near  the  outer  end  of  the  working-beam.  This 
ibflcoa  a  small  portion  of  the  pit-water  along  the  rising 
pipe  i  U  into  the  injection  cistern. 

In  figure  8.  No.  1.  the  letters  QM  3'  represent  the  pipe 
which  brings  down  the  water  from  the  hyection  cistern. 
Tlib  pipe  has  a  cock  at  R  to  open  or  shut  the  passage 
of  this  water.  It  spouts  through  the  jet  .$',  imd  dashing 
i^aitist  thv  bottom  of  the  piston,  it  is  dispersed  into  drops^ 
and  scattered  through  tlje  whole  capacity  of  the  cyliiidei^ 
CO  as  to  producca  rapid  condensation  of  the  steam. 
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An  Upright  post  A  supports  one  end  B  of  a  horixooCil 
iron  axis  BC.  The  end  of  C  is  supported  by  a  siniilar  potf, 
shewn  only  in  ilie  plan  No.  S.,  that  the  pieces  connected  widi 
this  axis  may  not  be  hid  by  it  A  kind  of  stirrup  abed  liaoft 
from  this  axis^  supported  by  tlic  hooks  a  and  d.  This  etimi|i 
is  crossed  near  the  bottom  by  a  round  bolt  or  bar  r,  whtdi 
passes  through  the  ayes  or  rings  that  arc  at  the  entU  of  the 
horizontal  fork  hfg^  whose  long  tail  k  is  doubte,  receiving 
between  its  branches  the  handle  i  of  the  regulator.  It  ii 
plain  trom  this  construction,  that  when  the  stirrup  is  ntade 
to  vibrate  round  the  horizontal  axis  BC,  on  which  it  hangi 
freely  by  its  hooks,  the  bolt  «  must  pull  or  push  the  kaig 
fork  hf  g  backwards  and  forwards  horizontally,  and  by  so 
doing  will  move  the  regulator  round  its  oxiii  by  means  of 
the  handle  t.  Both  the  tail  of  the  fork  and  the  handle  of  the 
regulator  are  pierced  wilh  several  hoJca,  and  a  pin  is  pQt 
ifarough  them  which  unites  them  by  a  joint.  The  modoB 
of  the  handle  niny  be  increased  or  diminished  by  choosing 
for  ttie  joint  a  hole  near  to  the  axis  or  remote  from  it;  and 
the  exact  position  at  which  the  regulator  is  to  slop  on  both 
ndes  id  determined  by  pins  stuck  in  a  horizontal  bar  oa 
which  the  cm!  of  the  handle  is  made  to  rest. 

This  alternate  motion  of  the  regulator  to  the  right  flod  l|^ 
is  produced  as  iblk>ws :  llierc  is  Hxed  to  the  axis  BC  a  (^^^| 
of  iron  a  /c  /,  called  the  Y\  oa  account  of  its  resembknovA 
that  letter  of  the  alphabet  inverted.    The  stalk  a  carries  a 
heavy  lump  /j,  called  the  loggerhead,  of  load  or  iron ;  and 
a  long  leather  strap  9/;  r  ia  fastened  to  p  by  the  middle,  and 
the  two  ends  are  fastened  to  the  beam  above  it,  in  such  a 
Bttnner  that  the  Vimp  may  be  alternately  catched  and  held 
up  to  the  right  aitd  lefi  of  the  perpendicular.    By  adjusting 
tlie  length  olthe  two  parts  of  the  strap,  the  Y  may  be 
in  any  desired  position.    The  two  claws  k  and  /  spread 
from  each  other,  and  from  the  line  of  the  stalk,  and  ibey 
of  such  length  as  to  reach  iho  horizontal  boltp,  which  c 
the  stirrup  belovr^  but  not  to  reach  tlic  bottom  of  the  fork 
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Now  sup)>o&c  ibc  stirrup  hanging  perpendicularly,  and  the 
9CaU(  of  tbe  Y  also  held  pezpeodicolar ;  carry  it  a  little  out- 

^.  ^  !"i  Ml  the  cyiiBder»  aiul  then  let  it  ^.  It  will  tumble 
iit  '  .  >  iiL  by  its  weight)  without  ufl'ecting  the  stirrup  till 
Uie  cUtw  /  strikes  ou  tbe  horizontal  bolt  e,  and  thcB  it  pushes 
e  uimiji  and  the  fork  towards  the  cylinder,  and  opens 
e  re^lator.  It  sets  it  in  motion  with  a  smart  jerk,  which 
is  an  effectual  way  of  overcoming  the  cohesion  and  friction 
of  the  regulator  with  the  mouth  of  the  steam-pipe.  Thi* 
push  is  adju&ied  to  a  proper  length  by  the  strap  <j  p,  which 
&tA3ps  the  Y  when  it  has  gone  fur  enough.  If  we  dow  take 
hold  of  the  stalk  of  the  Y,  and  move  it  up  to  the  perpendi* 
cuiar,  the  width  between  its  claws  is  such  as  to  permit  this 
motion*  and  something  more,  without  affecting  the  stirrup. 
I  when  pusheil  still  nearer  to  the  cylinder,  it  tumbles  to- 
rdi  it  by  its  own  weight,  and  then  the  claw  k  strikes  the 
U  t,  aud  drives  the  stirrup  and  fork  in  the  opposite  direo- 
till  the  Jump  p  is  catched  by  the  strap  rp,  now  Htretch- 
to  iu  full  length,  while  q  p  hangs  slack.  Thus  by  the 
aiotton  of  the  Y  the  regulator  is  openeil  and  shut.  I^t  us 
Dov  see  how  the  motion  of  the  Y  is  produced  by  the  mo^ 
chine  itself.  To  tiie  Itorizontal  axis  BC  are  attached  two 
ifpAnners  or  handles  m  and  n.  The  spanner  m  passes  through 
a  long  slit  in  the  plug-beam,  and  is  at  liberty  to  move  up- 
fiis  or  downwards  by  its  motion  round  the  axis  BC.  A 
w  which  goes  through  the  plug-beam  catches  hold  of  /» 
eQ  the  beam  rises  along  with  the  piston ;  and  the  pin  la 
placed,  that  when  the  beam  is  within  an  inch  or  two  of 
behest  rise,  the  pin  has  lifted  m  and  thrown  the  stalk 
tbe  Y  past  the  perpendicular.  It  therefore  tumbles  over 
b  great  force,  and  gives  a  smart  blow  to  the  fork,  and 
totely  shuts  the  regulator.  By  this  motion  the  span- 
IB  removetl  out  of  the  neighbourhood  of  tbe  plug- 
But  tbe  spaxiner  »,  moving  along  with  it  in  the 
direction,  now  comes  into  the  way  of  the  pins  of  the 
Therefore,  when  the  pietoa  descends  again  by 
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the  condcnsatlou  of  the  steam  in  the  c^lintlcr,  s  pm  mflrk' 
ml  &  in  ilic  side  of  the  ptu^-beam,  catches  hold  of  the  toil 
of  the  spanner  n,  and  by  pressing  it  down  raises  the  tump  en 
the  stalk  of  the  Y  till  it  passes  the  perpcnilicular,  and  it  tlieo 
falls  down,  outwards  from  the  cylinder,  and  the  claw  /ogais 
drives  the  fork  in  the  direction  h  /,  and  opens  the  steam- 
yalvc.  This  opening  and  shutting  of  the  bteani-talvc  is 
executed  in  tlie  pr4?cisc  moment  lliat  is  proper,  by  placing 
the  pins  r  and  &  at  a  jiroper  height  of  the  plup-beatn  For 
this  reason,  it  is  piercc^i  through  wiih  a  great  nmuher  of 
holes  that  the  places  of  these  pins  may  be  ▼aried  at  plea- 
sure. This,  and  a  proper  curvaiurc  of  ihe  spanoera  m  and 
»>  make  the  mlju^tment  as  nice  us  we  please. 

The  injoctioD-cock  R  is  managed  in  a  similar  manner. 
On  its  key  may  be  observed  a  forked  arm  s  /,  like  a  crab'i 
elaw;  at  a  hule  distance  above  it  is  the  ^d^eon  or  axis  tt 
of  a  piece  ,y  u  r,  called  the  hammer  or  the  F,  from  iu  re- 
semblance to  that  letter.  It  has  a  lump  of  metid  y  at  one 
end,  and  a  spear  n  s  projects  from  ilii  middle,  and  pas«eff 
between  the  daws  s  and  /  of  the  arm  of  the  injeetion-cock^ 
The  hammer^  is  held  up  by  a  notch  in  the  under  side  of  s 
wooden  lever  DE,  moveable  round  the  centre  D,  and  sup- 
ported at  a  proper  height  by  a  string  r  T^  mnde  fast  to  thtf 
}oist  above  it. 

Suppose  the  injection-cock  shnl,  and  the  hammer  in  tlie 
position  rcprescnled  in  the  figure.  A  pin  fi  of  the  plug- 
frame  rises  along  with  the  piston*  and  catching  hokl  tif 
tile  detent  DE,   raises  it,  aT)d  di-  (he  Immmer  y 

from  its  notch,    'i'his  immediatel}  un,  and  htriket 

a  board  L  put  in  the  way  to  atop  it.  The  spear  u  t  lake* 
hold  of  the  claw  /,  forces  it  abide,  and  opens  the  injec- 
tion-cock. The  pibton  imtuediateiy  descends,  and  alon^ 
walb  it  the  plug- frame.  During  its  descent  the  pin  y9  mcKT 
with  the  tail  a  ;  of  the  hammer,  which  is  now  raised  con- 
siderably al>ove  the  level,  and  brint^n  it  down  along  with 
i^. raiding  the  lump  ^,  and  gradually  shutting  the  inje^ 
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kf  because  ibe  spear  tukes  hokl  of  the  claw  t  of  its 
arm.  When  the  beam  has  come  to  its  lov.cst  situation,  the 
bammer  is  again  en^nged  in  the  notch  of  the  detent  DE> 
and  supported  by  it  till  the  piaton  a^nin  rcachca  the  top  of 
the  cylinder. 

In  this  manner  the  motions  of  thr  injection-cock  arc  also 
adjufttcd  to  the  preciae  moment  ihnt  is  proper  lor  tben>. 
The  different  pins  are  bo  placed  in  the  plug-frame,  that  the 
steam*cock  may  be  coniplcttly  shut  before  the  injection- 
cock  h  opened.  The  inherent  motion  of  the  machine  will 
give  a  small  addition  to  the  ascent  of  the  piston  without 
expending  steam  all  the  while ;  and  by  leaving  tJie  steam 
ither  ieu  elastic  than  before^  the  subsequent  descent  of  the 
itoD  it  promoted.  There  was  considerable  propriety  in 
gradual  (hutting  of  the  injeclion-cock.  For  after  the 
dash  of  the  cold  water  against  the  bottom  of  ihc  pinton, 
condensation  is  nearly  complete,  and  very  little  more 
klcr  la  needed ;  but  a  continual  accession  of  some  is  ab- 
ily  necessary  for  complclinff  the  condensation,  as  the 
Ity  of  the  cylinder  diminibhes,  and  the  water  warms 
is  already  injected, 
III  iliis  manner  the  motion  of  the  machine  will  be  re- 
pealed 05  long  as  there  is  a  supply  of  steam  from  the  boi](^r« 
and  of  water  from  the  injectiun  cistern*  and  a  discharge 
procured  for  whot  has  been  injected.  We  proceed  to  con- 
ftider  how  far  these  conditions  xdso  are  provided  by  the 
znachine  itself. 

The  injection  cistern  is  supplied  with  water  by  the  jfick- 
hcad  pump,  as  we  have  already  observed.  From  this  source 
all  the  parts  of  tbe  machine  receive  their  res|>ectivc  sap- 
plies,  la  the  first  place,  a  small  branch  I.'),  is  taken  off 
from  the  injection-pipe  immediately  below  the  cistern,  and 
conducted  to  the  top  of  the  cylinder,  where  it  is  furnished' 
a  cock.  The  spout  is  so  adjusted,  that  no  more  runs 
»m  it  llian  what  will  keep  a  constant  supply  of  water 
tre  ihc  piston  to  keep  it  tight.    Every  time  the  piston 
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coinci  to  Ihe  top  of  the  cylinder,  it  brings  ibis  waUv 
with  it,  and  the  surplus  of  ita  evaporation  and  leakage 
off  by  &  waste-pipe  1 4*  Tliia  water  necessarily 
very  hot,  and  ii  waa  thouglit  proper  to  employ  its  0¥crph» 
for  supplying  the  waste  of  the  boiler.  Thi»  waa  accord 
ingly  practised  for  eomc  time.  Bat  Mr  Boighton  imprarad 
this  economical  tliought,  by  supplying^  the  boikr  from  iht 
eduction-pipe,  2,  <2,  the  water  of  which  must  be  still  hotter 
than  that  above  the  piston.  This  contrivance  rcqairod  at- 
tention to  many  circumstancei,  which  the  rc4)der  wiU  «n- 
dersiand  by  counilering  tlie  profile.  The  cdnctton-pipt 
comes  out  of  the  bottom  of  the  cjh'nder  at  1,  with  m  per* 
pcndicular  part,  which  benda  sidewisc  below,  and  turna  vp 
the  deep  cup  5,  holding  a  metal  valve  niceJy  fitted  to  it  by 
grinding,  like  the  key  of  a  cock.  To  Bccure  it>  being  al- 
ways air-tight,  a  alcnJer  stream  of  water  trickles  inlo  ihii 
cup  from  a  branch  6  of  the  waate^pipe  from  the  top  of  tbe 
cylinder.  The  eduction-pipe  branches  off  at  S,  and  goeft 
down  to  tha  hot  well,  where  it  turns  up,  and  iv  covered 
with  a  valve.  In  the  section  may  be  observed  an  upright 
pipe  4',  4,  which  gues  through  the  hea*!  of  the  boiler,  and 
reaches  to  within  a  few  inches  of  its  bottom.  This  pipe  ie 
called  ihe  feeder^  and  rises  about  three  or  four  feet  abov« 
the  boiler.  It  is  open  at  both  ends,  and  hus  a  branch  9, 
commnnicating  with  the  bottom  of  the  cup  5,  immediately 
above  the  metal  valve,  and  also  a  few  inches  below  tiM 
level  of  the  entry  2  of  the  eduction-pipe.  Thia  communi- 
cating branch  lias  a  cock  by  which  its  passage  may  be  dimi- 
nished at  pleasure.  Now  &up{K)£c  the  steam  in  the  boiler 
to  be  very  atrong,  it  wiJl  cause  the  boiling  water  to  rise  h 
ihe  ieeding-pipe  above  3,  and  coming  along  this  brnacb,  to 
xiae  also  in  the  cup  5,  and  run  over.  But  the  height  of  thia 
cup  above  the  aurlacc  of  the  water  in  tlie  boiler  is  such,  that 
tbe  steam  ia  never  strong  enough  to  produce  tJ^is  cifect. 
Therefore,  on  the  contrary,  any  water  that  may  be  in  the 
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5iriil  ran  ofTby  the  branch  3^  and  go  down  into  the 
by  the  feeding  pipe. 
^6.  These  things  being  understood^  let  us  suppose  a  quali- 
ty of  injected  water  lying  at  the  bottom  of  the  cyliniler.    It 
ill  run  into  tlic  eduction-pipe,  fill  the  crooked  brondii 
and  open  ihe  valve  in  the  bottom  of  the  cupj  (its  weight 
ftupporteii  by  a  wire  hanging  from  a  slender  springi) 
it  will  mi  tlie  cup  to  tho  level  of  the  entry  2  of  the 
toctioii-pipev  and  will  then  flow  along  3,  and  supply  Uie 
liler  by  the  fct^dcr  i,   4<.      What  more  water  runs  in 
riH  now  go  along  the  eduction-pipe  ^,  ^  to  the  iu>t  well. 
ly  properly  sdjusling  the  cock  on  the  branch  3,  3i  the 
boiier  may  tie  supplied  as  fast  as  the  waste  in  steam  p^ 
trea.     This  is  a  most  ingenious  contrivance,  and  does 
It  honour  to  Mr  Beighton.     It  is  not,  however,  of  wrjf 
tt  ituportanoe.    Ti\e  small  quantity  which  the  boiler  re- 
Day  be  immediately  taken  even  from  a  cold  cistern» 
ithout  atttc/i  diminiinhiDg  the  production  of  steam;  fortlte 
lantity  of  heat  necessary  for  raising  the  sensible  heat  o! 
water  to  the  boiling  temperature  is  small,  when  com- 
witli  the  quantity  of  heat  which  must  then  be  com* 
with  it  in  order  to  convert  the  water  into  steam.  For 
beat  expended  in  boiling  ofiP  a  cubic  foot  of  wat^  is 
It  atx  times  as  much  as  would  bring  it  to  a  boiling  iieat 
the  temperature  of  56*.     It  has,  however,  the  advan* 
of  being  purged  of  air;  and  when  an  engine  must  de- 
afl  i(s  supplies  from  pit  water,  the  water  from  the 
loclion-pipc  is  vastly  preferable  to  that  from  tlie  top  of 

cylinder. 
We  may  here  observe,  that  many  writers  (among  them 
Abbe  Bossut),  in  their  descriptions  of  ihr  steam-en- 
ic,  have  drawn  the  branch  of  communication  3,  from  the 
ling-pipe  to  a  part  of  tlie  crooked  pipe  J »  ^y*^^  below 
valve  in  the  cup  5.  But  this  is  quite  erroneous ;  for. 
In  tliis  case,  when  the  injection  is  made  into  the  cylinder, 
and  a  vacuum  produced,  the  water  from  the  boiler  would 


tm 


78 


6TEAM.CKGIVB. 


immedintely  nisli  up  through  tho  pipes  4,  3j  and  spout 
into  the  cylinder :  so  would  the  external  air  coming  in  oc 
the  top  of  the  feeder. 

27.  This  contrivance  has  also  enabled  us  to  form  some  jud^ 
ment  of  the  internal  state  of  the  engine  during  the  perform* 
anee.  Mr  Beighton  paid  a  minute  attention  to  the  situatian 
oflhe  water  in  the  fec(!crs  and  ctiuction*pipe  of  an  enginef 
which  seems  to  have  been  one  of  the  be*l  which  httd  then  bcco 
erected.  It  was  lifting  a  column  of  water  whose  weight 
was  four-sevenths  of  the  pressure  of  the  air  on  its  pistont 
and  made  16  strokes,  of  six  feet  each,  in  a  minute.  This 
is  acknowledged  by  all  to  be  a  very  great  pcrformauco  of 
an  engine  of  this  forni.^  He  concluded  that  the  elasticity 
of  the  steam  in  the  cylinder  was  never  more  than  one- 
tenlh  greater  or  less  than  the  elasticity  of  the  air.  -Tho 
water  in  the  feebler  never  rose  more  than  three  feet  and  a 
half  almre  the  surface  of  the  boiling  water,  even  though  it 
was  now  lighter  by  one-twentieth  tlmn  cold  water.  The 
eduction-pipe  was  only  four  lect  and  a  half  long  (vertJcallj)^ 
and  yet  it  always  discharged  the  injection  water  complete 
iy,  and  allowed  some  to  pass  into  the  feeder.  This  could 
not  bo  if  the  steam  was  much  more  than  one-tenth  weaker 
than  air.  By  grasping  this  pipe  in  his  hand  during  the 
rise  of  the  piston,  he  coulil  guess  very  well  whereabouts  the 
surface  of  the  hot  water  in  it  rested  during  the  motion,  and 
he  never  found  it  supported  so  high  as  four  foet.  There- 
fore the  steam  in  the  cylindfir  had  at  least  eight-ninths  of 
the  elasticity  of  the  air.  Mr  Buat,  in  bis  examination  of 
an  engine  which  is  erected  at  Montrelaix,  in  France,  by  an 
English  engineer,  and  has  always  been  conUdercd  as  the 
pattern  in  that  country,  finds  it  necessary  to  suppose  a 


*  "  lu  Ml  far  At  regards  tfae  load ;  biU  wrrc  wc  furnUlied  wiih  fsctv  to 
Judge  of  iti  con«nnipt)oa  nf  kiruni  conipari'd  wiltt  the  work  doac.  we  ilioul^ 
undoiiliit-div  find  il  veil  dclecti»e  wlicn  compared  with  nthert  more  tigktly 
t,  and  In  other  tMpcUs  equally  well  coastraclad.**    W. 
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skD^  greater  Tgtifttion  in  the  strcn^h  of  tke  stesm,  and 
says  that  it  muhi  Kstc  beeo  oDtvfilUi  sirooger  and  ooa- 
aUh  weaker  than  cooudod  air.  Bat  this  engine  has  not 
been  nearly  ao  perfect  lu  Ufi  vas  not  more  than  one-half 
of  the  pretture  of  the  atmosphere,  and  it  made  but  nine 
•troi£e&  in  a  minute. — At  W  is  a  valre  coTering  the  moath 
of  a  small  pipe,  and  surrounded  with  a  cup  containing 
water  to  keep  it  air-dght.  This  allows  the  air  to  escape 
which  had  been  exiricaied  from  the  water  of  last  injrx;tion. 
It  is  driven  out  by  the  6rst  strong  pufi*  of  steam  whicJ)  is 
admitted  into  the  cyHnder,  and  makes  a  noise  in  its  cxiu 
The  vaJ?e  is  therefore  called  the  snlfan^^-ralve. 

To  finish  our  de&cripiion,  we  obser\'e,  that  besides  the 
Sftfe(j*valTc  9  (calJcd  the  pupfet-clack),  which  is  loaded 
with  about  three  pounds  on  the  square  inch  ^though  the 
engine  will  work  very  well  with  a  load  of  one  or  two  pounds)^ 
there  is  another  discharger  10,  having  a  clack  at  its  ex« 
tremitj  supported  by  a  cord.  Ua  use  is  to  discharge  the 
steam  without  doors,  when  the  machine  gives  over  work-* 
ing.  There  Is  also  a  pipe  SI  near  (he  bottom  of  the 
boflrrt  by  which  jt  may  be  emptied  when  it  necdi  repairs 
or  cleansing. 

Tliere  are  two  small  pipes  I  i,  and  12,  with  cocks,  call- 
eil  OAGa-Pir£5.  The  first  descends  to  within  two  inches 
of  die  surface  of  the  water  in  the  boiler,  and  the  second 
goes  about  two  inches  below  that  surface.  If  both  cocka 
emit  staami  the  water  is  too  low,  and  re<]uires  a  recruit.  If 
neither  give  stenra,  it  is  too  highi  and  there  is  not  suflicient 
room  ahove  it  for  a  cullcction  of  steam.  Lastly,  there  is  a 
AlEng  pipe  Q,  by  which  the  boiler  may  be  tilled  when  the 
toadiine  is  to  be  set  to  work. 

28.  The  engine  has  continuetl  in  this  form  for  many  years. 
The  only  remarkable  change  introduced  has  been  tlic  man- 
ner of  placing  the  boiler.  It  is  no  Jongcr  placed  below  the 
cylinder,  bat  at  one  side,  and  die  steam  is  introduced  by  a 
pipe  from  the  top  of  the  boiler  into  a  flat  box  immediately 
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bdow  the  cyiinder.    The  ase  of  thiff  box  h  raerdj  to 
the  regulatory  and  gtve  room  for  its  motions.     This  btti 
been  a  very  considerable  improvement,     ll  has  re*. 

duced  the  height  of  the  building.     This  was  I.  ....^j.^  « 
tower.    The  wnll  which  supportii  the  beam  could  hardlj 
be  built  witli  suflicient  str«if^h  for  withstanding  ihe  v^oWot 
shocks  whjcli  were  repeated  without  ceasing;  and  the  bilild» 
ings  scidom  lasted  more  timn  a  very  few  yean.     Bat  ttt   ^ 
boiler  is  now  set  up  in  an  adjoining  shed,  and  the  gud|;e4)^^| 
of  the  main  beam  rest  on  the  top  of  uprighi  post*,  m^itI^ 
are  framed  into  the  joists  vrhich  support  the  cylinder.   "i*!mi 
tlie  whole  moving  parts  of  the  machlDc  arc  contained  h 
one  compact  frame  of  carpentry,  and   have  little   or  no 
connection  with  the  slight  walls  of  the  btiiidiiig,  which  il 
merely  a  case  to  liold  the  machinci  and  protect  it  from  the 
weather. 

29*  It  is  now  time  to  enqtsire  what  is  to  be  expected  froBl 
this  machine,  and  to  ascertain  the  most  advanlageoos  pio- 
portion  between  the  moving  power  and  the  load  tfiat  is  to 
be  laid  on  the  machine. 

It  may  be  considered  as  a  great  pulley,  and  m  indera 
sometimes  so  constructed,  the  arches  at  the  ends  o(  tbc 
working-beam  being  completed  to  a  circle.  It  must  be 
unequally  loaded  thnt  it  may  move.  It  is  loaded,  during 
the  working-stroke,  by  the  pressure  of  the  jttmosphore  oo 
the  side  of  the  cyliitder^  and  by  the  column  of  water  to  bo 
raised  and  the  ]iump-gear  on  the  pump  side, — During  the 
returning  stroke  it  is  loaded,  on  the  side  of  the  ctftutJa-t 
by  a  small  part  of  the  atmospheric  pressure,  and  oD  lb« 
pump  side  by  the  pump-gear  acting  as  a  counter  weight* 
The  load  during  the  working  stroke  inust  therefore  conaiA 
of  the  column  of  water  to  be  raised  and  this  counter-wef^t* 
The  performance  of  the  machine  is  to  be  measured  onqr 
by  ihc  quantity  of  water  raised  in  a  given  lime  to  a  giv«o 
height.  It  varies,  tlicrefore,  in  the  joint  proportion  of  tho 
weight  of  the  column  of  water  in  the  pumps,  and  the  nam* 
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iber  of  strokes  made  by  the  machine  id  a  rninutc  Each 
stroke  consists  of  two  parts,  which  wc  have  called  the  work* 
ling  and  the  returniug-iitrokc.  It  does  not,  there&>rc,  de- 
'  pcod  simply  oo  the  velocity  of  the  workit)g*3lroke  and  the 
qoanlity  of  water  rai&ed  by  it*  11*  this  were  all  that  Is  to  be 
attended  to»  we  know  that  tJie  weight  of  the  column  of 
Water  should  be  nearly  ^tl)!»  of  llie  pressure  of  the  almos* 
pbere,  diis  being  the  proportion  which  gives  the  maximum 
in  the  common  pulley.  But  the  time  of  the  return ing-atroke 
is  a  necessary  part  of  the  whole  time  elap&ed,  and  therefore 
the  velocity  of  the  rcturning*strokc  equally  merits  attention. 
This  is  regulated  by  the  couutcr-weighc  The  number  of 
strokes  per  minute  does  not  give  an  immediate  proof  of  the 
goodness  of  the  en^^ine.  A  small  load  of  water  and  a  great 
counter- weight  will  ensure  tins,  because  these  conditiona 
will  produce  a  brisk  motion  in  both  directions. — The  proper 
adjustment  of  the  prcsbure  of  the  atmosphere  on  the  piston, 
the  column  of  water  to  be  raised,  and  the  counter-weight, 
is  a  problem  of  very  great  dilliculty ;  and  matbematiciana 
have  not  turned  much  of  their  atlention  to  the  subject,  al- 
though it  is  certainly  a  very  interesting  question. 

30.  Mr  Bossut  has  solved  it  very  shortly  and  simply,  upon 

U^  supposition,   that  the  working  aiul   returuing  stroke 

|Hbld  be  made  in  equal  times.*  This,  indeed,  is  generally 

aimed  at  in  the  erection  of  tliese  machines,  and  they  ore  nub 

reckoned  to  be  well  arrnnged  ii"  it  be  odierwiic.   We  doubt 

of  the  propriety  of  the  maxim.     Supposing,  however,  this 


^•/'  I  reel  njaetr  perfectly  at  •  loss  bow  to  corroct  articles  30, 31,  3$,  33, 
^^B3,  36,  and  37.  m  the;  involve  algebraic  calcuUtiuiu  which  msgid  in  ft 
^^B  depee  unnecessarji  q»  is  acltoowktlged  in  art.  13,  being  founded  on 
^^HiplM  Dot  suflurtcDtly  known  to  be  subjected  to  nilc  \  but  as  Uiey  cootaia 
^Ha  nigcaioiu  reasoain^  and  amy  lead  lo  Uic  forniHiion  of  more  correct  for* 
;  oittkB,  1  (uv«  not  C0Mider«d  myself  at  liberty  lo  altef  iheu,  but  have  addr 
'  ft  note*,  oorrecUng  some  of  ibe  fuel*  and  lotse  part  of  Uie  reasootDf."    W* 
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condition  for  the  present,  wc  may  compute  the  loadings  of 
the  two  ends  of  the  beam  as  follows  :  Let  a  be  the  length 
of  the  inner  arm  of^  ihc  working-bcAm,  or  lliat  by  which  the 
great  piston  is  supported.  Let  b  be  the  outer  arm  carrr- 
in^  the  pump-rods,  and  let  W  be  a  weight  equivalent  to  all 
the  load  which  is  laid  on  the  machine.  Let  c*  be  the  area 
of  the  piston ;  let  H  be  the  height  of  a  column  of  water* 
having  r*  for  its  base,  and  being  equal  in  weight  to  the 
pressure  exerted  by  the  steam  on  the  under  side  of  the  pit- 
ton  ;  and  Jet  A  be  the  pressure  of  llie  atmosphere  on  the 
same  areji,  or  the  height  of  a  column  of  water  of  eqanl 
weight.  It  is  evident  that  both  strokes  will  be  pcrfbrmwl 
in  equal  times,  if  A  t^o — W  6  be  equal  to  (A — H)t*a  + W//. 
The  first  of  these  quantities  is  the  energy  of  the  machint* 
during  the  working-stroke,  and  the  second  expresses  the 
similar  energy  during  the  retuming-stroke.     This  equa- 

tion  give  us  W= ^ = ^ — -.    Uwe 

suppose  the  arms  of  the  lever  equal  and  H=h,  we  have 

"W=r*— ;  that  i.sy  the  whole  wetgbt  of  tlie  outer  end  of 

the  beam  should  be  half  the  pressure  of  tlie  air  on  the  great 
piston.  This  is  nearly  the  usual  practice,  and  the  engi- 
neers express  it  by  saying,  that  the  engine  is  loaded  with 
seven  or  eight  pounds  on  the  square  inch.  This  has  been 
found  to  be  nearly  the  most  advantageous  load. 

51.  This  way  of  expressing  the  matter  would  do  well 
enough,  if  the  maxim  were  not  founded  on  erroneous  no- 
tions which  hinder  us  from  seeing  the  state  of  the  machine, 
and  Uie  circumstances  on  which  its  improvement  depends. 
The  piston  bears  a  pressure  of  15  pounds,  it  is  said,  on  tlie 
square  inch,  if  the  vacuum  below  it  be  perfect.  But  to 
produce  a  perfect  tacuum^  it  mi/  appear  by  the  tabln  of  c/aUi^ 
cities  ?tr  have  given  (sec  Steam,  art»  22,  83),  that  the  afHnder 
and  iti  contents  mutt  be  cooled  down  below  S^""  each  stroke,  am 
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Ak  prociicabify  the  consumption  of  steam  in  re^keating 
the  tytmdtr  tsom'd  be  enormous;  it  has  therefort  bnn  found 
adtisabU  in  practice  to  throw  m  no  more  injection  water  than 
wili  produce  a  vacuum  aufficieni  to  enable  the.  engine  In  raise 
a  inttd  of  from  six  to  seven  pvunds  on  the  square  inch,  besides 
all  friction,  end  other  ineffective  burthens;  and  it  has  been 
foufid  that,  under  the  leaser  load  above  stated,  the  engines 
consumed  fes-i  ttcam  in  prvpvrlion  to  t/tc  work  done,  than  under 
the  greater  one. 

St,  This  (Xjimtion  by  Mr  Bofisut  is  moreover  essentially 
faulty  in  another  re%pect.  The  W  in  l)»c  first  member  is 
not  the  same  wiih  the  W  in  tlie  second.  In  the  first,  it  is 
tlic  column  oK  water  to  be  raisetl,  together  witli  the  counter- 
veiglii.  In  the  second,  it  is  the  counter-wcii^ht  only.  Nor 
is  the  qa.intity  11  tticsnnic  in  both  cases,  as  is  most  evident. 
Tbc  proper  equation  for  ensuring  the  equal  duration  of 
the  tvo  strokes  may  be  had  in  llie  following  manner:  Let 
it  be  determined  by  experiment  wJjat  portion  of  the  atmos- 
pheric proMure  is  exerted  on  the  great  piston  during  it« 
deacent.  This  depends  on  the  remainiUjT  elasticity  ot  the 
steam.  Suppose  it  ^ths  :  this  wc  may  express  by  a  //, 
a  being  sr-^ths.  Let  it  also  be  determined  by  experiment 
what  portion  of  the  atmospheric  pressure  on  the  piston  re- 
mains unbalanced  by  the  steam  below  it  during  its  .iscent. 
Suppose  this  rVth,  we  may  express  this  by  b  h.  Then 
let  W  be*  the  weight  of  the  column  of  water  to  be  raisod, 
and  e  the  counter-weight.  Then,  if  the  orms  of  the 
beam  arc  equal,  we  have  the  energy  during  the  working- 
stroke  =  a  h — W — c,  and  during  the  rcturnlng-stroke 
it  t«  ^c — b  L    Therefore  c — b  h^a  A— W — c;  and 

c=:  ^ ;  which,  on  the  above  gupposition  oftbe  va- 

/, w 

lu«s  of  a  and  &,  gives  us  c= .    We  shall  mako  some 

of  this  eqtuttioii  ailcrwards ;  but  it  affords  us  no  inform- 
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ation  concerning  the  most  advantageous  proportion  of  k 
And  W,  which  is  the  material  potcL'* 

33.  We  must  consider  this  matter  in  another  way:  And 
that  we  may  not  involve  ourselves  in  unnecessary  difficult 
tieS|  let  us  make  the  case  as  simple  as  poft^ibley  end  suppose 
the  arms  of  the  worlcing-bearo  to  be  of  equal  length. 

We  fihali  first  consider  ll>e  adjustment  of  things  at  tlie 
outer  end  of  the  beam. 

34.  Since  the  sole  use  of  the  steam  is  to  give  room  for  the 
nction  of  the  atmospheric  pressure  by  its  rapid  condensibi- 
lily,  it  is  admitted  into  the  cylinder  only  to  allow  the  piston 
to  rise  »gaiD»  but  without  giving  it  any  impulse.  TIm 
pump-rods  must  tiierelbre  be  returned  to  the  bottom  of  the 
working-barreb  by  means  of  a  preponderancy  at  the  outer 
end  of  the  beam.  It  moy  be  the  weight  of  the  pump*rods 
themselves,  or  may  be  consideral  as  making  part  of  this 
weight.  A  weight  at  the  end  of  tlie  beam  will  not  operate 
on  the  rods  wliich  are  suspended  there  by  choina^  and  it 
must  therefore  be  attached  to  the  rods  themselvesp  but 
above  their  respective  purn|>*barrcU,  so  thai  it  may  not  lose 
part  of  its  efficacy  by  immersion  in  the  water-  We  mvy 
consider  the  whole  under  the  notion  of  the  pump-gear«  and 
call  it  p.     Its  office  is  to  depress  the  pump-rods  witli  suffi* 


*  "  Botli  ia  Uiu  etjualioii  and  in  that  preccdiog  )ti  whicb  are  tokea  fraa 
ike  Abb^  Bossut>  an  error  ot  grent  con^rquciicc  Imi  been  committed  ;  for  H 
u  well  known  (hat  if  Uic  worXing  and  returning  strokes  arc  to  be  petforaed 
in  equal  times,  the  energ_y  or  ■cccIerotiTe  force  in  the  first  must  be  to  ibil  ii 
the  second,  u  the  inertia  of  the  niQiter  to  be  nioTcd  in  the  former  caw  ii  io 
thai  in  the  latter.  Il  ia  said  that  tlie  energy  In  the  first  u  a  h — W— c,  uaA 
ia  the  latter  r— fr  *.  The  iaertia  in  the  former  case  ii  aa  W^,  in  the  U!t« 
OS  c  only  (for  the  inenia  of  the  working-beam,  piitou,  &c.  is  IcA  entirely  oat 
•f  Ibe  qoeilion;  therefore  tlie  proportion  b  a*^W— <  jc— *  A-«W«f"tiet 
and  tlie  equation  to  aniwer  the  problem  will  therefore  be  a  A — W — e,  c"" 
W+^  ^=T\,  which  letting  d  _«W-«A-M     i^„  ^  ^v^A£W+cf*+i 

according  u  rf  U  fgaad  to  b«  »  pita  or  minui  qoaBltty.**    J,  & 
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^ent  v«iodtya  by  overcoming  tlie  resistances  ari&Ing  from 
^k  (bllowing  causes. 

]«  From  the  Inertia  oftlie  beams  and  all  the  ports  of  the 

Apparatus  which  are  in  motion  during  the  descent  of  the 

pump-rods. 

2.  From  the  loss  of  we)gi:t  sustained  by  the  immersioii 
of  the  pump- rods  in  water. 

3.  From  the  friction  of  all  the  pistons,  and  the  weight  of 
the  plug-frame. 

4.  From  the  resistance  to  the  piston's  motion,  arising 
firom  tlie  velocity  which  must  be  generated  in  the  water  in 
paasing  through  the  descending  pistons,  or  buckets  of  the 
pampt. 

The  sum  of  all  these  resistances  is  equal  to  the  pressure 
of  some  weight  (as  yet  unknown),  which  we  may  call  m. 

When  the  pump-rods  are  brought  up  again,  they  bring 
along  with  them  a  column  of  water,  who&e  weight  we  may 
cail  V. 

It  is  e^'idcnt  that  the  load  which  must  be  overcome  by 
the  pressure  of  the  atmosphere  on  the  steam-piston  consist! 
of  IT  and  p»  Let  this  load  be  called  L,  and  the  pressure  of 
the  air  be  called  P. 

If  p  be  =  L,  no  water  will  be  raised  ;  if  />  be  =:  o,  the 
rods  will  not  descend  :  therefore  there  is  some  Intermediate 
Tidae  of />  which  will  produce  the  greatest  effect. 

In  order  to  discover  this,  let  g  be  the  fall  of  a  heavy  body 
in  a  second. 

The  descending  mass  is  p:  but  it  does  not  descend  with 

its  fall  weight ;  because  it  is  overcoming  a  set  of  resistances 

which  are  equivalent  to  a  weight  m,  and  tlie  moving  force 

lip — m.    Jn  order  to  discover  the  space  through  which  the 

rods  will  descend  in  a  second,  when  urged  by  the  force 

p — m  (supposed  constant,  notwithstanding  the  increase  of 

velocity,  and  consequently  of  m),  we  must  institute  ibis 

e(P — w) 
proportion  p  ;  p^-^m^g  v^ . 
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The  fourth  term  of  this  analogy  is  the  space  required. 
Let  /  be  the  whole  time  of  the  descent  in  seconds.  Then 

P  P 

descent  or  length  of  the  stroke  accomplished  in  the  time  /. 
The  weight  of  the  column  of  water,  which  has  now  got 
above  the  piston,  or  bucket^  is  w,  =  L— ;;.   This  must  be  lift- 
ed in  the  next  working-stroke  througli  the  space  /*  e  (p — m). 

Therefore  the  performance  of  the  engine  must  be 

p 

That  this  may  be  the  greatest  possible,  we  must  consider 
p  as  the  variable  quantity,  and  make  the  fluxion  of  the 


fraction 


P— w  X  L — p 


This  will  be  found  to  give  us/)=:^  L  m  ;  that  is,  the 
counter-weight  or  preponderancy  of  the  outer  end  of  the 
beam  is  =  \^L  m. 

This  gives  us  a  method  of  determining  /«  experimentally. 
We  can  discover  by  actual  measurement  the  quantity  L  in 
any  engine^  it  being  equal  to  the  unbalanced  weights  on 
the  beam  and  the  weight  of  the  water  in  the  pumps.  Then 

Also  we  have  the  weight  of  the  column  of  water  nL — /?, 
=:L— ViT^ 

When,  therefore^  we  have  determined  the  load  which  is  to 
be  on  the  outer  end  of  the  beam  during  the  working-stroke, 
it  must  be  disiribuictl  into  two  parts,  wbich  have  the  propor- 
tion of  vTTwI  to  L — vTTw^  The  first  is  the  counter- 
weight, and  the  secontl  is  the  weight  of  the  column  of  wa- 
ter. 

If  m  is  a  fraction  of  L,  such  as  an  aliquot  part  of  it ;  that 
ia,  if 
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L    L    L    L    L 


&c 


»»  =  —*>  — »  — »  — ^ 

1      4      9     16     63 
L    L    L    L    L 

;>=— >  — f  — »  — »  — ,  &C. 
12  3  4  5 
The  circuniataucc  which  is  commonly  obtruded  on  us  by 
local  considerations  is  the  quantity  of  water^  and  the  ilcpth 
from  which  it  is  to  be  raised ;  tliat  is,  w;  and  it  will  be 
convenient  to  determine  every  thing  in  conformity  to  this. 
=:  L  —  v^L  r/j«        This  gives    us 


We 


saw 


that 


cr 


/  TO*      m 

L— =^V  »  W  +  --+-- -f- ir,   and  the  counter-weight 

y      TO*  TO 

35.  Having  thus  ascertained  that  distribution  of  tlie  load  on 
the  outer  end  of  the  beam  which  produces  the  greatest  ef- 
fect, we  come  now  to  consider  what  proportion  of  moving 
force  we  must  apply,  so  that  it  may  be  employed  to  the 
best  advantage,  or  so  that  any  expence  of  power  may  pro- 
duce the  greatest  performance.  It  will  be  so  much  the 
greater  as  the  work  done  is  greater,  and  the  power  em- 
plo3ed  is  less  ;  and  will  therefore  be  properly  measured  by 
the  quotient  of  the  work  done  divided  by  the  power  em- 
ployed. 

The  work  immediately  done  is  the  lifting  up  the  weight 
I*.  In  order  to  accomplish  this,  we  must  employ  a  press- 
ure P,  which  is  greater  than  L.  Let  it  be=L+yi  ^^ 
let  s  be  the  length  of  tlie  stroke. 

If  the  mass  L  were  urged  along  the  space  s  by  the  force 
L+y,  it  would  acquire  a  certain  velocity,  which  we  may 
expreu  by  v'b;  but  it  is  impelled  only  by  the  forces,  the 
rest  of  P  being  employed  in  balancing  L.  The  velocities 
which  different  forces  generate  by  impelling  a  body  along 
the  fame  space  ore  as  the  square  roots  of  the  forces.  There- 
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fore  Vl+^:  v'  y  =  V  g:^/gjy      The  fourth  term  of  th» 

analony  expresses  tlie  velocity  of  ihe  piston  at  the  end  of 
the  stroke.  Tlie  quantity  of  motion  produced  will  be  had 
by  multiplying  this  veJocity  by  the  mass  I*     Tbii  gives 

■  -         ^  ^  ;  and  this  divided  by  the  i>ower  expended,  or  by 

I'+.Vs  gives  us  the  measure  of  the  performance,  ntan^, 

That  this  may  be  a  maximum,  consider  y  as  the  variable 
quantity,  and  make  the  fluxion  of  this  formulii  =o.     This 

will  give  us^=— - 


NowP=L+,y,=L+il,=|L. 


Therefore  the  trXo 


i 


Joad  on  the  outer  end  of  the  beam,  consisting  of  the  water 
and  the  couiitcr-wci<:ht,  must  be  two-thirds  of  theprcHure 
of  the  atmosphere  on  the  stcam-pibtun. 

We  have  here  supposed  that  tlie  expenditure  is  the  at- 
mospheric pressure;  and  so  it  is  ifwc  consider  it  mecbA- 
liicfdl}.  But  the  expendiiprc  of  which  we  are  acnsiUey  and 
which  we  are  anxious  to  employ  to  the  best  advantage,  is 
fuel  Supposing  this  to  be  employed  with  the  same  judge- 
ment in  all  cases,  we  are  almost  entitled,  by  what  we  know 
of  the  production  of  steam,  to  say  that  the  steam  produced 
is  proponionol  to  the  fuel  cxpendetl.  But  the  steam  requi- 
site for  merely  filling  the  cylinder  is  proportional  to  the 
area  of  the  piston,  and  therefore  to  the  atmospheric  press- 
ure. The  result  of  our  investigation  therefore  is  still  jo»t ; 
but  the  steam  wasted  by  condensation  on  the  sides  of  the 
cylinder  does  not  follow  this  ratio,  and  this  is  more  than 
what  is  necessary  for  merely  filling  it.  This  deranges  onr 
calculations,  and  is  in  favour  of  large  cylinders^  but  tke 
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digut  in  uhich  thit  circwmtance  affects  the  working  of  the 
has  vol  been  acrurate/t/  d^termined.^ 

It  must  be  remarkedj  that  in  the  preceding  Invesdgatloa 
we  introduced  a  quantity  m  lo  express  the  resistuiices  to 
the  motion  of  the  engine.     This  was  done  in  order  to  avoid 

very  troublesome  invesllfrniion.  The  resistances  are  of 
uch  a  nature  as  to  vary  wiih  the  velocity,  and  most  of 
ibem  as  the  flquarc  of  the  velocity.  This  is  the  case  with 
the  resistance  arising  from  the  motion  of  the  water  through 
the  pistons  of  the  pumps,  and  that  arising  from  (he  friction 
in  the  long  lift  during  the  working-stroke.  Had  we  taken 
^e  direct  method,  whicli  is  similar  to  the  determination  of 
the  motion  through  a  medium  which  resists  in  the  dupli- 
cate ratio  of  the  velocity,  we  must  have  used  a  very  intri- 
cate exponential  calculus,  which  few  of  our  readers  would 
have  the  patience  to  look  at. 

But  the  greatest  part  of  the  quantity  tn  supposes  a  mo- 
tion already  known,  and  its  determination  depends  on  this 
on«  We  must  now  show  how  iu  diiferent  component 
parts  may  be  computeil. 

36.  Fint,  What  arises  from  the  inertia  of  the  moving 
is  by  far  tlie  most  considerable  portion  of  it.  To  ob- 
tain it,  we  must  iind  a  quantity  of  matter  which,  when 
placed  at  the  end  of  tlte  beam,  will  have  the  same  momen- 
tum uf  inertia  with  that  of  the  whole  moving  paits  in  tljeir 
natural  places.  Thereibre  (in  the  returning-stroke)  add 
together  the  weight  of  the  great  piston  with  its  rod  and 

ains;  the  pit  pump-rods,  chains,  and  any  weight  that  is 
-attached  to  them ;  the  arch-heads  and  iron-work  at  the 
^mda  of  the  beam,  and  ^ths  of  the  weight  ot  the  beam  it^ 


*  "  la  practice,  it  u  a  pr«tt;  general  louim.  as  lia»  bcea  nid.  to  load  the 
«ngiaet  with  a  column  tf  water  equal  to  about  oae  half  of  the  atmospheric 
'preMaic^  but  by  paying  cUtention  id  the  temperature  which  would  prodoce  • 
rgTce  uf  TicuacD  equal  to  that  load  and  the  ncocMary  coooicr- weight)  it  will 
appear  that  lighter  loads  will  jirove  mure  advauiagcom  u\  point  ol  saviug  of 
f»el.*»    W. 
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self;  also  the  plug-beam  with  its  arch-head  and  chain, 
multiplied  by  the  square  of  its  distanco  from  tlie  axis*  and 
divided  by  the  square  of  half  the  Icngtl)  of  the  beam  ;  alsto 
the  jack-head  pump-rod,  chain,  and  arch-head,  multiplied 
by  the  square  of  its  distance  fram  the  axis,  and  divided  by 
the  square  of  the  half  length  of  the  beam.  These  articles 
added  into  one  sum  may  be  called  M,  and  may  be  suppo- 
sed to  move  with  the  velocity  of  tlie  end  of  the  beam.  Sup- 
pose this  beam  to  have  made  a  six-foot  stroke  in  two  le- 
conds,  with  an  uniformly  accelerated  motion.  In  one  se- 
cond it  would  have  moved  I  j  feet,  and  would  have  acqui- 
red the  velocity  of  three  feet  per  second.  But  in  one  se- 
cond gravity  would  have  produced  a  velocity  of  3t  feet  in 
the  same  mass.  Therefore  the  accelerating  force,  which 
has  produced  the  velocity  of  three  feet^  is  nearly  y\th  of 

the  weight.  Therefore  —  is  the  first  constituent  of  m  in  the 

above  investigation*  If  the  observed  velocity  is  greater  or 
less  than  tlirec  feet  per  second,  this  value  must  be  increi^ 
sed  or  diminished  in  the  same  proportion* 

The  second  cause  of  resistance^  viz.  the  immersion  of  the 
pump-rodb  in  water^  is  easily  computed,  being  the  weight 
of  the  water  which  tlicy  displace. 

The  third  cause^  tlie  friction  of  the  pistons,  &c.  Is  almost 
insignificant,  and  must  be  discovered  by  experiment. 

The  fourth  cause  depends  ou  the  structure  of  the  pumps. 
These  pumps,  when  made  of  a  proper  strength,  can  hardly 
have  the  perforation  of  the  piston  or  bucket  more  than  a 
fourth  part  of  the  area  of  the  working-barrel ;  and  the  ve- 
locity with  which  the  water  passes  through  it  is  increased 
at  least  four  times  by  the  contraction.  The  velocity  of 
the  water  is  therefore  ^ve  times  greater  than  tliat  of  the 
piston.  A  piston  1^  inches  diameter,  and  moving  one  foot 
per  second,  meets  with  a  resistance  equal  to  20  pounds ; 
and  this  increases  as  the  square  of  the  diameter  and  as  the 
square  of  tlie  velocity.     li*  the  whole  depth  of  the  pit  be_ 
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divided  into  several  llftSi  this  resistance  must  be  multiplied 
by  die  number  of  lifts,  because  it  obtaiDS  in  each  pump. 

Thus  we  make  up  the  value  of  m  ;  and  we  mutt  acknow- 
J|dge  that  the  method  is  still  indirect,  because  it  supposes 
^pb  velocity  to  be  known. 

M'c  may  obtain  it  more  easily  in  another  way,  but  still 
with  this  circumstaucG  of  being  indirect.     We  found  that 

OS  equal  to  V  L  m^  and  consequently  m  =  ^    Now  in  any 


f 


tgine  L  and  p  can  always  be  bad  ;  and  unless  ;j  deviates 
greatly  from  the  proportion  which  we  determined  to  be  the 
besty  the  value  of  m  thus  obtained  will  not  be  very  erro- 
neous. 

37*  It  was  &rther  presumed  in  this  investigation,  that 
the  motions  both  up  and  down  were  uniformly  accelera- 
ted; but  this  cannot  be  tlie  case  when  the  resistances  in- 
crease with  the  velocity.  This  circumstance  makes  very 
little  change  in  the  working-stroke^  and  therefore  the  tlieo- 
rem  which  determines  the  best  relation  of  P  to  L  may  l>e 
confided  in.  The  resistances  which  vary  wiih  the  velocity 
in  this  case  are  a  mere  trifle  when  compared  with  the  roovJug 
power  y.  These  resistances  are,  Jst,  The  strangling  of 
the  water  at  the  entry  and  at  the  standing  valve  of  each 
pump :  This  is  about  :)7  pounds  for  a  pump  12  inches  dia- 
^■ter,  and  the  velocity  of  one  foot  per  second,  increasing  ia 
^TC  duplicate  ratio  of  the  diameter  and  velocity.  And,  £d. 
The  friction  of  the  water  along  the  whole  lift :  This  for  a 
pump  of  the  same  size  and  with  the  same  velocity,  lilting  f  O 
fathoms,  is  only  about  9.\  pounds,  and  varies  in  ttie  simple 

t portion  of  the  diameter  and  the  depth,  and  in  the  du- 
ate  proportion  of  the  velocity.  The  resistance  arising 
n  inertia  is  greater  than  in  the  retuming-stroke,  be- 
cause the  M  in  this  case  must  contain  the  momentum  of 
the  water  both  of  the  pit-pumps  and  the  jackhead-pump : 
but  this  part  of  the  resistance  does  not  affect  the  uniform 
acceleration.  We  may  therefore  confide  ia  the  propriety  of 
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the  formula  ^=—.    And  we  may  obtain  llie  Tclocitj  of  itiZi 

Xa 

stroke  «t  tbe  cod  of  a  second,  witli  great  accuracy,  ai  fol- 
lows. Let  2  g  be  the  velocity  communicated  by  gniTi^ 
in  a  second,  and  tlie  velocity  at  the  end  of  the  first  second 
of  the  steam-pifiton'K  descent  will  be  somewhat  less  (liao 

TT^gi  where  M  expresses  the  inertia  of  all  the  parts  which 

nre  in  motion  during  the  descent  of  the  steam-piston,  and 
therefore  includes  L.     Compute  the  two  resistances  jutt 

mentioned  for  this  velocity.   Call  this  r.   Then  — rj —  *l£ 

will  give  another  velocity  infinitely  near  the  truth. 

But  the  case  is  very  different  in  the  returning-stroke, 
and  the  proper  ratio  of  p  to  L  ia  not  ascertaine<l  with  tba 
same  certainty  •,  for  the  moving  force  p  is  not  so  great  in 
proportion  to  the  resistance  m  ;  and  therefore  the  accclera-r 
tion  of  the  motion  is  consi<lcrably  affected  by  it|  and  the 
motion  itself  is  considerably  retarded,  and  in  a  very  mo* 
derate  time  it  becomes  sensibly  unlfurm  9  for  it  is  precise* 
ly  similar  to  the  motion  of  a  heavy  body  falling  through 
the  air,  and  may  be  determined  in  the  manner  laid  down  in 
the  article  "  Resistance  of  Fluids,"  viz.  by  an  exponential 
calculus.  Weshali  content  ourselves  here  with  saying,  that 
the  resistances  in  the  present  case  are  so  great  that  die 
motion  would  be  to  all  sense  uniform  before  the  pistons 
have  desoemicd  one-third  of  their  strokct  even  although 
there  were  no  other  circumstance  to  alTect  it. 

58.  But  this  motion  is  afiected  by  a  circumstance  quite 
unconnected  with  any  tiling  yet  considered,  depending  on 
conditions  not  mechanical,  and  so  uncertain,  that  we  are 
Hot  yet  able  to  ascertain  them  with  any  precision ;  yet  they 
are  of  the  utmost  importance  to  the  good  performance  and 
improvement  of  tbe  engine,  and  therefore  deserve  a  parli- 
eular  consideration. 

The  countcr-weight  has  not  only  to  push  down  tbe  piunp- 
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but  aIso  to  drag  up  the  great  pUtoxu  This  it  cannot 
unless  the  steam  be  admitted  into  the  cjb'nder.  If  the 
am  be  no  stronger  than  common  air,  it  cannot  enter  the 
Under  except  mi  cotti^qtiMce  of  the  pihton's  being  dragged 
p.  If  common  air  were  admitted  into  the  cylinder,  some 
force  would  be  required  to  drag  up  the  pistont  in  the  same 
manner  a?  it  is  required  to  draw  up  the  piston  of  a  common 
syringe ;  for  the  air  would  rush  through  tlie  small  entry  of 
e  cylinder  in  the  same  manner  as  through  the  small  nox* 
tie  of  the  syringe.  Some  part  of  the  atmospheric  pressure 
is  employed  in  driving  in  the  air  with  suflicicnt  velocity  to 
fiJl  the  syringe^  and  it  is  only  with  the  remainder  that  the 
odmitted  air  presses  on  the  under  surface  of  the  syringe. 
Therefore  some  of  the  atmospheric  pressure  on  it3  upper 
surface  is -not  balanced.  This  is  felt  by  the  band  which 
raws  it  up.  The  same  thing  roust  happen  in  the  steaoip 
ine,  and  some  part  of  the  counler-weight  Is  expended  ia 
wing  up  the  steam-piston.  We  could  tell  bow  much  is 
thus  expended  if  we  knew  the  density  of  the  steam ;  for  this 
would  tell  us  the  velocity  with  which  its  ekstioity  wouU 
cause  it  to  fill  the  cylinder. 

But  all  this  is  on  the  supposition  that  there  is  an  on- 
iKlcd  supply  of  steam  of  undiminished  elasticity.  This 
y  DO  means  the  case.  Inimetliately  before  o])eiung  the 
•cock,  the  steam  was  issuing  tiirough  the  fEafety-vaive 
Mod  all  the  crevices  In  the  top  of  the  boiler,  and  (in  good 
engines)  was  about  -fi^th  stronger  or  more  elastic  than  air. 
This  had  been  gathering  during  soinetliing  more  than  the 
etcent  of  the  piston,  vir.  in  about  three  seconds.  The 
istoa  rises  to  tlic  top  in  about  two  seconds;  therefore  about 
twice  and  a  half  aa  XDuch  steam  ns  fills  the  dome  of  tlie 
ler  is  now  shared  between  the  boiler  and  cylinder.  The 
dome  is  commonly  about  six  times  more  capacious  than  the 
cylinder.  If  therefore  no  steam  is  condensed  in  the  cylin- 
V  the  density  of  the  stcara,  when  the  piston  has  reached 
topi  must  be  about  j^ths  of  its  former  density,  and  still 
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more  elastic  than  air.  But  as  much  steam  is  condensed  bj 
the  cold  cylinder,  its  elasticity  must  be  less  than  fhis.  We 
cannot  toll  how  much  lees,  both  because  we  do  not  know 
how  mucli  is  thus  condensed,  and  because,  by  this  diminu- 
tion of  its  pressure  on  die  surface  of  the  boiling  water,  Jt 
rauBt  be  more  copiously  produced  in  the  boiler;  but  an 
4Jtteniive  observation  ol'  the  engine  will  give  us  some  in- 
fbrmatton.  The  moment  the  steam-cock  is  opened  we  hare 
a  strong  pufl*  of  steam  through  the  snifiinjr-valve.  At  this 
timei  therefore,  it  is  frtill  more  elastic  ihan  air ;  but  after 
this,  the  sniltixig-valve  remains  shut  during  the  whole  rise 
of  the  piston,  and  no  steom  any  longer  issues  through  the 
safety-valve  or  crevices;  nay,  the  whole  dome  of  the  boiler 
may  be  observed  to  sink. 

S9'  These  facts  give  abundant  proof  that  the  elasticity  of 
tlie  steam  during  the  ascent  of  the  piston  is  fjrpatly  dimi- 
nished, and  llicreibre  much  of  the  counter-weight  is  ex- 
pended in  dragging  up  the  steam-piston  in  opposition  to 
the  unbalanced  part  of  the  atmospheric  pressure.  The 
motion  of  the  returning-stroke  is  therefore  so  much  de- 
ranged by  this  foreign  and  inappreciated  circumstance, 
that  it  would  have  been  quite  useless  to  engage  in  the 
intricate  exponential  investigation,  and  we  must  sit  down 
contented  with  a  less  perfect  adjustment  of  the  counter- 
weight and  weight  of  water. — Any  person  who  attends  to 
the  motion  of  a  steam-engine  will  perceive  that  the  descent 
of  the  pump-rods  is  so  far  from  being  accelerated,  that  it  is 
nearly  unitbrm,  and  frequently  it  is  sensibly  retarded  to- 
wards the  end.  We  learn  by  the  way,  that  it  is  of  the 
utmost  importance  not  only  to  have  a  quick  production  of 
steam,  but  also  a  very  capacious  dome,  or  empty  space 
above  the  water  in  the  boiler,  la  engines  where  this  spac^ 
■was  but  four  or  five  times  the  capacity  of  the  cjUnder,  we 
have  always  observed  a  very  sensible  check  given  to  the 
descent  of  the  pump-rods  after  having  made  half  their 
Urokc.  This  obUges  us  to  employ  a  greater  counter-weight. 
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rhich  diminishes  the  column  of  water,  or  retards  the  work* 
ig^lrnke ;  It  also  obliges  us  to  employ  a  stronger  sieam, 
ftt  the  risk  of  bursting  the  boiler,  and  increases  the  expence 
rj»f  fuel. 

4-0.  It  would  be  a  most  desirable  thing  to  get  an  exact 
knowledge  of  the  elasticity  of  the  steam  in  the  cylinder; 
id  lliis  is  by  no  means  difficMlt.    Take  a  long  glass  tube 
ictly  calibcred,  and  close  at  the  further  end.   Put  a  small 
drop  of  some  coloured  fluid  into  it,  so  as  to  stand  at  the 
liddle  nearly. —  Let  it  be  placed  in  a  long  box  fillet!  with 
rater  to  keep  it  of  a  constant  terapernture.     Let  the  open 
f«nd  communicate  with  tl)e  cylinder,  willi  a  cock  between. 
^The  moment  the  steam-cock  is  opened,  open  the  cock  of 
lis  instrument.  The  drop  will  be  pushed  towards  the  close 
id  of  the  tube,  while  the  steam  in  the  cylinder  is  more 
lasUc  titan  the  air,  and  it  will  be  drawn  the  other  way 
Vhile  it  is  less  elastic,  and,  by  a  scale  properly  adapted  to 
it,  the  elasticity  of  the  steam  corresponding  to  every  posi- 
tion of  the  piston  may  be  discovered.     The  same  thing 
may  be  done  more  accurately  by  a  barometer  properly  con- 
[structed,  so  as  to  prevent  the  oscillations  of  the  mercury. 
41,  It  is  equally  necessary  to  know  the  stale  of  the  cylin- 
ler  dnring  the  descent  of  the  steam-piston.     We  have 
liiherto  supposed  Ptobe  the  full  pressure  of  the  atmosphere 
m  the  area  of  the  piston,  supposing  the  vacuum  below  it  to 
complete.     But  the  in**pection  of  our  table  of  elasticity 
^fthews  that  this  can  never  be  the  case,  l>ecnuse  tlie  cylinder 
[ift  always  of  a  temperature  far  above  32'.    Wc  have  made 
lany  attempts  to  discover  its  temperature.    We  have  era- 
iloyed  a  theruiomcter  in  dose  contact  with  the  side  of  the 
c^inder»  which  soon  acquired  a  steady  temperature :  this 
tras  never  less  than  146*.     We  have  kept  a  thermometer  in 
\he  water  which  lies  on  the  piston :  this  never  sunk  below 
I35».   It  Is  probable  that  the  cylinder  within  may  be  cooled 
tewhat  lower ;  but  for  this  opinion  we  cannot  give  any 
Tcry  satisfactory  reason-     Suppose  it  cooled  down  to  l^OS 
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ibis  will  leave  an  vlatiidty  which  woulJ  $upi>ort  three 
of  mercury.  We  cannot  thhik^  therefore,  that  ifae  nnb** 
laaced  pressure  of  the  atmosphere  cxceenis  that  of  27  inches 
of  mercury,  which  ie  about  18,^  pouDiis  on  a  square  ixjchy 
or  10}  on  a  circular  inch.  And  this  is  the  value  which -we 
should  employ  in  the  equation  P=rL+.y-  This  quesCsod 
Diay  be  decided  in  the  same  way  as  the  other,  by  a  hi 
meter  connected  with  the  inside  of  the  cylinder.* 

And  thus  we  shall  learn  the  state  of  the  moving  forces  m 
every  moment  of  the  performance,  and  the  machine  will 
then  be  ns  open  to  our  examination  as  any  water  or  horse 
mill ;  and  till  this  be  done,  or  something  equivalent,  we  can 
only  guess  at  what  the  machine  is  actually  pefforming,  and 
we  cannot  tell  in  what  particulars  wc  can  lend  it  a  help^^ 
jiig  band.  We  are  informed  that  Messrs  Watt  and  Boul* 
too  have  made  this  addition  to  some  of  their  engines  ;  and 
we  arc  persuaded  that,  from  the  information  which  they 
Lave  derived  from  it,  they  have  been  enabled  to  make  the 
cttrious  improvements  from  which  they  have  acquired  so 
much  reputation  and  profit. 

42.  There  is  a  circumstance  of  which  wc  have  as  yet 
taken  no  notice,  viz.  the  quantity  of  cold  wotcr  injecii 
Here  wc  confess  ourseives  unable  to  give  any  precise 
Mructions.  It  is  clear  at  first  sight  that  no  more  than  is 
absolutely  necessary  should  be  iiijectcil.  It  must  geueraUj 
be  supphed  by  the  engine,  and  this  expends  part  of 
power.  An  excess  is  much  more  hurtful  by  cooling  the 
cylinder  and  piston  too  much,  and  thcrclbre  wasting  H 
diiring  the  next  rise  of  tlie  piston.  But  the  determinal 
of  the  proper  quantity  requires  a  knowledge,  wliich 


*  "  By  esftmiDing  the  Uot  walex  which  luuci  from  (be  edaction-pipe  uf 
scf  erftl  of  NewconieD's  engines,  its  lirai  wu  fouud  to  rarj  from  14t^  In  174*, 
accurding  to  the  load  and  other  circuut^taticcsof  the  engine  ;  cod  ih«  lit-xtof 
the  wnlrr  discharged  at  that  pipe  Duy  be  t»kea  ai  a  fftir  indication  ei'lhe  in* 
iirual  he  al  of  lUe  cj  I  iader.'  *    W. 
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hare  not  }*et  ttcqtured,  of  the  quantity  of  heat  contained  in 
Uic  steam  in  &  latent  form.  As  ranch  water  must  be  inject- 
ed as  will  abfiorb  all  this  without  rising;  near  to  the  bolting 
temperature.  But  it  is  of  much  more  importance  to  know 
how  far  we  may  cool  the  cylinder  wiih  advantage;  that  a, 
when  will  the  loss  of  6tcam,  during  the  next  rise  of  th6 
pkton*  compensate  for  the  diminution  of  its  elasticity  during 
it*  present  descent?  Our  table  of  elasticities  bHows  us,  diat 
bj  cooling  the  cylinder  to  ISO*)  we  still  leave  an  elasticity 
equal  to  one»tenth  of  the  whole  power  of  the  engine  i  if  we 
cool  it  only  to  140,  we  leave  an  elasticity  of  one-fillh ;  if 
we  cool  it  to  a  blood-beat,  we  leave  an  elasticity  of  one- 
tweiitieth.  It  is  extremely  diflicnlt  to  choose  among  these 
Tarieties.  Experience,  however,  informs  us,  that  tlie  best 
oigines  arc  those  which  use  the  smallest  quantities  of  in- 
jectioQ-water.  Mr  Watt's  observations,  by  means  oF  the 
barometer,  must  have  given  him  much  valuable  information 
in  this  particular,  and  we  hope  that  he  will  not  witldioid 
ihctn  from  the  public. 

4S,  We  have  gone  thus  far  in  the  examination,  in  order 
seemingly  to  ascertain  the  motion  of  the  engine  when  load- 
ed and  balanced  in  any  known  manner,  and  in  order  to 
diacovcr  that  proportion  between  the  moving  power  and 
the  Ixmd  which  will  produce  the  greatest  quantity  of  work. 
The  result  has  been  very  unsatisfactory^  because  the  com- 
putation of  the  retuming-stroke  is  acknowledged  to  be  be- 
yond our  abilities-  But  it  has  given  us  the  opportunity  of 
direciiog  the  reader's  attention  to  the  leading  circumstances 
in  this  enquiry.  By  knowing  the  internal  slate  of  the  cy- 
linder in  machines  of  very  different  goodness,  we  learn  the 
Coonection  between  the  state  of  the  steam  and  the  perform- 
ance of  the  machine  ;  and  it  is  very  possible  that  the  result 
of  a  fiill  examination  may  be,  that  in  situaiions  where  fuel 
is  expensive,  it  may  be  proper  to  employ  a  weak  bteam 
which  will  expend  less  fuel,  although  less  work  is  peiform- 
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ed  by  it.  We  shall  see  this  confirmed  in  the  clearest  mafw 
ner  in  some  particular  cmploymenta  of  tlie  new  engines 
invented  by  Watt  and  Boulton. 

In  the  mean  time,  we  see  tliAt  Uie  equation  which  ve 
gave  from  the  ceJebrated  Abb6  Bossut  (art  50),  ia  in  every 
respect  erroneous,  even  for  the  purjiose  which  he  had  io 
view.  We  also  see  that  the  e<]uation  which  we  substituted 
in  its  place  (art.  32),  and  which  was  intended  for  deter- 
minin)?  that  proportion  between  the  counter-weight  and 
the  moving  force,  and  the  load  which  would  render  the 
working-stroke  and  returqing-stroke  of  equal  duration*  ii 
also  erroneous,  because  these  two  motions  are  extremely 
difTerent  in  kind,  the  one  being  nearly  uniforn],  and  the 
Other  nearly  uniformly  accelerated.  This  being  supposed 
true,  it  should  follow  that  the  counter- weight  should  be 
reduced  to  one  half;  and  we  have  found  thia  tu  be  very 
nearly  true  in  some  good  engines  which  we  have  examined* 

4-4,  We  shall  add  but  one  observation  more  on  this  head. 
The  practical  engineers  have  almobt  made  it  a  maxim,  that 
the  two  motions  are  of  equal  duration.  But  the  only  rea- 
son which  we  have  heard  for  the  maxim  is,  that  it  is 
awkward  to  see  an  engine  go  otherwise.  Out  wc  doubt 
exceedingly  tlie  truth  of  tliis  maxim,  and,  without  being 
able  to  ^iye  any  accurate  determination,  we  think  that  the 
epgine  will  do  more  work  if  tlie  working-stroke  be  made 
slower  than  the  return ing-stroke.  Suppose  the  engine  so 
constructed  that  they  are  made  in  equal  times ;  an  addi- 
tion to  the  counter-weight  will  accelerate  the  returning- 
stroke  and  retard  the  working-stroke.  But  as  the  counlep- 
weight  is  but  small  in  proportion  to  the  unbalanced  portion 
of  the  atmospheric  pressure,  which  is  the  moving  force  of 
the  machine,  it  ii?  evident  that  this  addition  lo  the  counter- 
weight must  bear  a  much  greater  proportion  lo  the  counter- 
weight than  it  does  to  the  moving  force,  and  must  there- 
fore accelerate  the  returning-slrokc  much  more  than  it 
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retards  the  workiDg-8troke»  and  the  time  of  both  stroket 
taken  together  must  be  diminished  by  iliis  ad(Sition  and 
the  perfurmauce  of  the  machine  improved  ;  and  this  must 
be  the  case  as  loDg  as  tlie  machine  is  not  extravagantly 
lou<)ed.* 

It  is  necdfcss  to  engage  more  deeply  in  scientific  caTca- 
lations  iu  a  sul)J6c&  where  so  many  ot  the  liata  are  so  very 
imperfectly  understood. 

4j.  Before  quitting  this,  machine,  it  will  not  be  amiss  to 
give  some  ea*.y  rules,  fijinctinned  by  successful  practice*  for 
computing  it«  pcrlorniaiicc.  Thoe  will  enable  any  artist, 
who  can  go  through  simple  calculations*  to  suit  the  size  of 
Lis  engine  to  the  task  which  it  is  to  perform. 

The  circumstance  on  which  the  whole  computatioD  must 
be  fonnd«d  is  the  quantity  of  water  which  must  be  drawn 
in  a  minute,  and  the  depth  of  the  mine ;  and  the  perform- 
ance which  may  he  expected  from  a  aood  enjrlne,  is  at  least 
K  strokes  per  minute  of  six  feet  each^  working  against  a 
column  of  water  whose  weight  is  equal  to  half  of  the  atmo- 
spheric pressure  on  the  steam-pistoui  or  rather  to  7-6* 
pounds  on  every  square  inch  of  its  surfdce. 

It  is  most  convenient  to  estimate  the  quantity  of  water 
in  cubic  feet,  or  its  wei«rht  in  pounds,  recollecting  that  a 
cubic  foot  of  water  weighs  62i  pounds.  The  depth  of  the 
pit  is  usually  recktmed  in  fathoms  of  six  feet,  and  the  dia- 
meter of  the  cylinder  and  pump  is  usually  reckoned  ia 


•  ••  Ft  ii  now  geufnllj  Agreed,  that  kq  eogine  to  work  well  iboald  tank* 
tbi)  sctinf  nroke  in  leas  lime  than  the  rciuroiiig  oa«»  or,  in  the  0D|(ine-iiuia'> 
term.  thoaU  t^  uat  tlower  ibsu  it  convi  in  ;  Fur,  if  the  buckctf  of  the  pumpA 
•n  delectirv,  »  ti  uFteu  ibe  Cttse,  the  quicker  tbe  iiioke  U  Uken*  th«  leu 
WBCet  wiU  hr  lOflt,  tnd  die  ituwei  ibe  returnitift-strolLe  is,  the  throtllin);  ca(is«a 
Imt  Ute  unallae^fl  uf  the  apertum  in  Ih*  bockvC  of  (be  putop  will  cauM  Ihf 
mm  ruiitaaca  to  it*  deaoeat."  . 
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Let  Q  be  ^e  quantity  of  viter  to  be  dnm  per  njnuti 
in  cubical  feet,  and/ the  depth  of  tbe  mine  in  frtboma;  k| 
c  be  the  diameter  of  the  cylinder*  and  p  that  of  the  pumpi 
and  let  ua  auppoee  the  ano*  of  the  beain  to  be  pf  fgofi) 
length. 

Ist,  To  find  the  diameter  of  the  pump,  the  area  of  IJM 

piston  in  square  feet  is  p*  X  ■'■        ■    The  length  of  ^ 

column  drawn  in  one  minute  is  12  time*  6,  or  7fl  ftct,  and 

therefore  its  solid  contents  is  p»  X ^ — :  cubical  fee^ 

or  p*X0^e7  cuVcal  feet    This  must  be  equal  to  Qi 

therefore  p*  must  bo      J:     or  nearly  Qx^i-    Henca 

this  practical  rule ;  Multiply  the  cubic  feet  of  water  wliid| 
must  be  drawn  in  a  minute  by  2^,  and  extract  the  squavq 
>oot  of  the  product :  this  will  be  the  diameter  of  the  pafn 
In  indies* 

Thus  suppose  that  58  cubic  jk^t  must  be  di^wn  ereij 
SDinule;  58  multiplied  by  2i  gives  14^5,  of  which  th« 
square  root  is  12^  which  is,  the  required  diameter  of  the 
pump. 

2.  To  find  the  proper  diamet^  of  the  cylinder. 

The  piston  is  to  be  loaded  with  7.64  pounds  on  «f«lj 

square  inch.     Thib  is  equivalent  to  six  pounds  on  a  dsr 

cular  iuch  very  nearly.    The  weight  of  a  cylinder  «f  water 

an  inch  in  diameter  and  a  fathom  in  height  is  2/^  pouDd% 

or  nearly  two  pounds.     Hence  it  follows  that  6  c*  moit 

e/*p* 
be  made  equal  to  2/p*,  and  that  c*  is  equal  to  —^9  0"? 

to-^ 
3  • 

Hence  the  fbllowinj?  rule :  Multiply  the  square  of  the 

diameter  of  the  pump-piston  (found  as  above)  by  the  h^, 

thorns  of  lift,  and  divide  the  product  by  3;  the  squftre  roof 

of  the  quotient  is  the  diameter  of  the  cylinder. 


Suppose  the  pit  to  which  the  foregoing  pump  is  to  be 

24  X  144 
niplied  is  84  &thoms  deep  j  then  — — —  gives  i  152,  of 

a. 

which  the  square  root  is  S4  inches  very  nearly. 
This  tiigiiie  constructed  with  care  will  Certainly  do  the 

work. 
Whatever  is  the  load  of  water  proposed  for  the  engine 

let  10  be  the  'pounds  on  ^very  circular  inch  of  the  steam- 

piston^  ited  ffislce  c^^p*  x  -^,  and  the  square  root  Will  be 

the  diameter  of  the  steam-piston  in  inches. 

To  free  the  practical  engineer  as  much  as  possible  from 
all  trouble  of  calcuktion,  we  snljoin'the  following  Table  of 
the  Dmensiom  and  Power  of  the  Steam^  Engine^  drawn  up 
Mr  Beigbton  in  1717^  and  fully  verified  by  practice  since 
diat  time.  The  measure  is  in  English  ale  gallons  of  282 
cqI»c  inches. 
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Tlic  firtft  part  of  the  tabic  gifCB  the  size  of  the  pump 
Boitcd  to  the  growth  of  water.  The  second  gives  the  size  of 
die  cyliniler  suited  to  the  load  of  water.  If  the  depth  is 
greater  than  any  in  this  tabic,  take  its  fourth  part«  and 
double  Uie  diameter  of  the  cylinder.  Thus,  if  150  liogS' 
headi  arc  to  be  drawn  in  an  hour  from  the  depth  of  100  fa- 
AmDf^  the  last  columo  of  part  fir^t  gives  for  149.40  a  pump 
Hkveti  iuches  bore.  In  a  line  with  thii^  under  the  dcptb 
of  50  yards,  which  is  one-fourth  of  100  fathoms,  we  find 
20},  the  double  of  which  is  41  inches  for  the  diameter  of 
the  cylinder. 

It  is  almost  impossible  to  give  a  general  rule  for  stroke* 
of  diiJercnt  lengths,  Ac,  but  one  who  professes  the  ability 
to  erect  an  engine,  should  surely  know  as  much  arithmetic 
aa  will  accommodate  the  rule  now  given  to  any  length  of 
itroke. 

We  venture  to  say,  that  no  ordinary  engineer  can  tell 
d  priori  the  number  per  minute  which  an  engine  will  give. 
We  took  twelve  strokes  of  six  feet  each  for  a  standard, 
which  a  careful  engineer  may  easily  accomplish,  and  which 
an  employer  has  a  right  to  expect,  the  engine  being  loaded 
with  water  to  half  the  pressure  of  the  atmoaphpre  :  if  the 
the  load  be  less,  there  is  some  fault ;  an  improper  counter- 
weight, or  too  little  boiler,  or  leaks,  8cc.  &c 
^ftl7.  Such  is  the  state  in  which  Newcomen's  8t«am-engine 
^B  continued  in  use  for  60  years,  neglected  by  the  philo- 
^^)her,  although  it  is  the  most  curious  object  which  humaa 
ingenuity  has  yet  offered  to  his  contemplation,  and  aban- 
doned to  the  efforto  of  the  unlettered  artist.  Its  use  has 
been  entirely  confined  to  the  raising  of  water.  Mr  Keanc 
Fitzgerald,  bdeed,  published,  in  the  Philosophical  Tran»- 
octiuns  in  1759,  a  metliod  of  converting  iu  reciprocating 
motion  into  a  continued  rotatory  motion  by  employing  a 
cotMnation  of  iarge-toothed  whteU,  and  of  tmalhr  ratchet^ 
mAeds,  worked  b^  teeth  upon  the  arch  or  tector  of  ihe  great 
Oh€  ofihac  raUfuUu^hecUbmgpul  in  motion  b^i^ 
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oicmt  of  the  beam,  and  Uanding  still  during  iti  dncenf,  mint 
attother  ratchct-whid  ii  movrd  btf  an  intervcmng  wheel  im  ike 
»ame  direction  as  thejint,  and  thus  the  trvo  commttnicaie  n  am^ 
iinued  rotative  motion  to  the  axis  on  wimh  they  art  plaetdt 
which  « thenct  tranrntitted  by  a  large-toothed  vltetl  to  a  $m^ 
€T  trheel  or  pinion,  on  the  ihajt  of  which  it  afy,  to  accwmtkti 
mo/nc/itumf  and  a  crank  proposed  to  be  applied  to  tcork  veaU' 
lalon,  and  to  many  other  }ae/ul  purposes,  TheJIy^  by  accumw- 
laiing  in  ittelf  the  power  0/  the  machine  during  the  time  it  ism 
ucted  upon,  wouhi  continue  in  motion,  and  urge  forward  the 
viachinery  whiUt  the  ileam-engine  was  going  through  its  MWk» 
tivt  returning-tlroke.     This  will  be  the  case,  provided  diAt 
the  resistance  exerted  by  the  working-machine  during  tht 
whole  period  of  the  workIn>r  &nd  returning-iitroke  of  ibt 
steam-engine,  together  with  the  friction  of  both»  docs  not 
exceed  the  whole  pressure  exerted  by  the  steam-engine  da- 
ring its  working-stroke;  and  provided  that  the  moinentum 
of  the  (\y,  arising  from  its  great  weight  and  velocity,  be  very 
great,  so  that  the  resistance  of  the  work  during  one  rctuming- 
stroke  of  the  &teani-cngine  do  not  make  any  very  senhibJed^ 
minmionof  the  velocity  of  the  fly.    This  is  evidently 
and  easy.  The  Hy  may  be  madeofany  magnitude ;  and 
exactly  balanced  round  its  axis,  it  will  soon  acquire  any 
city  consistent  with  the  motion  of  the  steam-engine*   During 
tlie  working  stroke  of  the  engine  it  is  uniformly  acccfenUedy 
and  hy  its  acquired  momentum  it  produces  in  the  beam  the 
movement  of  the  returning-stroke ;  but  in  doing  tbia^  ha  mo- 
mentum is  shared  with  Uie  inert  matter  of  the  steam*en* 
gine,  and  consequently  its  velocity  diminished,  but  tiot  «Q- 
tirely  taken  away.  The  next  working-stroke,  there&re,  by 
pressing  on  it  afresh^  increases  its  remaining  velocity  by  a 
<iuantity  nearly  equal  to  the  whole  that  it  acquired  dunn|^ 
the  first  stroke.     We  say  nearly^  but  not  quite  equal,  be^ 
cause  the  lime  of  the  second  working-stroke  mukt  be  «horU 
cr  than  that  of  the  first,  on  account  of  the  velocity  already 
ia  the  machine.    la  this  manaer  the  lly  will  be  mora 
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sure  accelerated  crery   succeeding  stroke,  because  the 
ptcttore  of  the  engine  iluriog  the  workiiig-atrokc  does  more 
than  restore  lo  tbo  f\y  the  momencuni  which  it  lost  in  pro- 
duciog  the  returniog  moTement  of  the  steam-engine.  Now 
suppose  the  working  part  of  the  machine  to  be  added.  The 
■ooeleralion  o[  die  fly  during  each  working-stroke  of  the 
L^|tcasu-engine  will  be  less  than  it  was  before,  because  ihe 
^l^pcUing  pressure  is  now  partly  employed  in  driving  the 
working-machine,  and  because  ilie  fly  will  lose  more  of  ita 
L^iorocntuiQ  during  the  returning-stroke  of  the  steam-en* 
^Hune,  part  of  it  being  expended  in  driving  the  workiug-ma* 
^^ptioe.    It  IS  evidentf  tiierefore,  that  a  time  will  come  whea 
^^ne  successive  augmentation  of  the  fly*s  velocity  will  cease ; 
^Kh^i  on  the  one  hand,  the  continual  acceleration  diminish' 
es  the  time  of  the  next  working-stroke,  and  thei'eforc  the 
time  of  action  of  the  accelerating  power.     The  acceleration 
lost  diminibh  in  the  same  proportion  ;  and,  on  the  oUier 
md,  the  resistance   of  the  working-machine  generally^ 
►ough  not  always,  increases  with  its  velocity.     The  acce- 
'ation  ceases  whenever  the  addition  made  to  the  momeO'- 
of  the  fly  during  a  working-stroke  of  the  steam-engine 
I  juU  equal  to  what  it  loses  by  driving  the  machine^  and  by 
»ducing  the  returning  movement  of  the  steam-cngine- 
L  This  must  be  acknowledged  to  be  a  very  important  ad- 
to  the  engine,  and  though  suflicicntly  obvious,  it  iff 
iioua,  and  requires  considerable  skill  and  address  U> 
it  eflective.* 


^^«  111 

Pfc 


*  We  du  not  recollect  ftt  prcwot  the  dnte  of  this  propDHl  of  Mr  f'ltxg^ 

nid  i  bat  in  17BI  the  Abb«  Arruil^  canon  of  AUU»  in  I<an|*uedac,  rmertained 

(hougbt  oTllie  aamr  kind,  and  pro|Kwed  it  Tor  working  liglrten  in  itie  inland 

gAlioiu ;  a  vcberae  vthtch  hit  been  >ueoci4lull^  praclised  («e  are  totd )  rn 

eric*.     HU  brother,  a  major  of  enitinrcn  in  the  Auitrion  tervicc.  ba» 

riird  Ibo  ihmg  much  fatUier.  and  aitphtd  it  to  naout'uoturef  ;  and  the  Au« 

lu  Chtmtier  of  Minra  oi  Viouim  Iioa  (utniiii^ed  Ibe  project.     {^€0  J^vr^ui 

i»M>ti»peififU«,  i7Ql.)     tSui  these  «chriuet  arc  tdttg  poitcriof 

ni^»  V«Mai#  ud  Mc  «v<ft  Uc«r  tikuk  Um  orcstion  ol  ocvcfali 
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The  movement  of  the  working-macfaioe,  or  mil]  of  whs^ 
ever  kind,  must  be  in  same  degree  faobbliDg  or  unoqnal. 
But  ibis  may  be  made  quite  insensible,  by  making  tlic  tij 
exceedingly  large,  and  disposing  the  greatest  part  of  it« 
weight  in  the  rim.  By  these  means  its  momentum  may  bo 
made  so  great,  that  tlie  whole  force  required  fur  driving  the 
mill  and  producing  the  returning  movement  of  the  engine* 
may  bear  a  very  small  proportion  to  it.  The  diminatiou  of 
its  vdocity  will  then  be  very  trifling. 

No  counter-weight  is  absolutely  necessary  here,  because 
the  retorning  movement  is  produced  by  the  inertia  of  the 
fly.  A  counter-weight  may,  however,  be  employed^  and 
should  be  employed,  viz,  as  much  as  will  produce  the  re- 
turning movement  of  the  steam-engine.  It  will  do  this  bet- 
ter than  the  same  force  accumulated  in  the  fly  ;  for  this 
force  must  be  accumulated  in  the  fly  by  the  intervention  of 
rubbing  parts,  by  which  some  of  it  is  lost ;  and  it  must  be 
afterwards  returned  to  the  engine  with  a  similar  loss.  Bttt« 
for  the  same  reason,  it  would  be  improper  to  make  the 
counter-weight  also  able  to  drive  the  mill  during  the  re- 
turning stroke. 

49.  By  this  contrivance  Mr  Fit2gerald  hoped  to  render 
the  steam-engine  of  most  extensive  use  ;  and  he,  or  others 
associated  with  him,  obtained  a  patent  excluding  allolhen 
from  employing  hit  mvtntion.  They  also  published  propo- 
sals for  erecting  mills  of  all  kinds  driven  by  steam-engi 
and  stated  very  fairly  their  powers  and  their  ad  van 
But  tliL'ir  proposals  do  not  seem  to  have  acquired  the  confi- 
dence of  the  public;  for  we  do  not  know  of  any  mill  ever 
having  been  erected  under  this  patent.* 

bjr  itcam-^.iigmc*  which  have  be«a  «rtfcted  b;  Mecsrt  Watt  ami  BoulUMb  Ws 
thiak  it  our  duty  10  ttale  lhc»c  particulan,  because  it  U  very  o»ual  for  ovs 
iieighbourtun  ihe  roulincot  to  aMume  the  credit  of  British  inveatiout.  I>r  R* 
•  **U  would  seem,  from  Afr  FiUgcrald's  own  account  in  ibe  Phi losophicaj 
Trufl*cttons,  that  he  bad  made  u  model  of  it,  but  he  duei  not  My  U  had 
«  sctiMl  uM  ^  oor  ii  ii  Ukdy,  irom  iU  e&Ucwe  cvrnpluitj  Mid  olktf 
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so.  The  ^reat  ob»tAc1e  to  this  extensive  us«  of  the  stc«m« 
engine,  is  the  prcxligious  expense  of  fuel.  An  engine  ha- 
ifing  a  cylinder  of  tour  feet  diameter,  working  night  and 
da/»  coa8aEne«  about  3400  chaldron  (London)  of  good 
coab  in  a  year. 

51.  Tbis  circnniBtance  limits  the  use  of  tteain-enginea 
cxcecdingty.  To  draw  water  from  coal-pits  where  they 
can  be  stocked  with  unsaleable  small  coal,  they  are  of  um-« 
Tenal  employxDent :  also  for  valuable  mines,  for  supplying 
l^^reai  and  wealthy  city  with  water,  and  a  few  other  pur« 
^me«9  where  a  great  expense  can  be  borne,  ihey  are  very 
proper  engines ;  but  in  a  thousand  cases,  where  their  unli- 
mited powers  might  be  vastly  serviceablei  the  enormous  ex- 
pense of  fuel  completely  excludes  them.  We  cannot  doubt 
but  that  the  attention  of  engineers  was  much  directed  to 
every  thing  that  could  promise  a  diminution  of  this  expense. 
Every  one  had  hie  particular  nostrum  for  the  construction 
of  bis  furnace,  and  some  were  undoubtedly  more  successful 
than  oUiers.  But  science  was  not  yet  sufficiently  advanced : 
It  was  nut  till  Dr  Black  had  made  his  beautiful  discovery  of 
blent  heat,  that  we  could  know  the  intimate  relation  be- 
tween the  heat  expended  in  boiling  off  a  quantity  of  water 
and  the  quantity  of  steam  that  is  produced. 

Much  about  the  time  of  this  discovery,  viz.  1763*4,  Mr 


ha4  \t  cv«r  been  carried  inio  pr«ctlc«,  the  om  of  it  would  have  been 
pcrtetrrcd  in.  l/pao  an  accurate  search  at  the  dilTcreiit  offlc«,  it  dom*  not 
«p|icar  UiBt  anj  patent  was  takes  oai  bj  FitxgcraM,  nor  have  I  aa;  know- 
ledge of  ibc  iToiwialf  iseuiiDned  in  the  text. 

*Uiilhe  ftpplicatmn  of  tlie  crunk  to  produce  rotative  molioni  from  th« 
igine.  I  shall  treat  ntvre  at  Irngtb  in  deMrribing  the  new  eafine. 
imperfect  and  nn:«uccci«rnl  artempt*  were  made  in  the  y^mn  I76f 
1769,  b,T  Mr  John  Stewart,  and  &]r  Dugald  Clarke,  to  derive  ■  continoed 
Ive  motion  from  Newctimeo'ft  eitginc,  to  be  apphed  to  sugar-mills  in  Ja» 
;  and  ftometlitug  of  ihc  kind  mms  attempted  at  Harilej  colliery,  fie«r 
itle.  The  apparitui  ol  all  of  them  appears  to  have  been 
UiUe  to  breakages  and  derangements,  and  aoi  sasceplihle  of  regt 
9*K^ieacc  of  which  these  icbcmo  wen.  I  believCi  loon  abaa< 
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James  Walt,  establtthod  in  Glasgow  at  a  matherftatical  im- 
Un0fwtU  maker,  urn  e/nploi^ed  to  repair  a  working  modr]  of 
the  stcBm-engine  which  bek>Dged  to  the  philoftophicnl  ap- 
paratus of  the  university.  Mr  Watt  wba  a  person  of  a 
trulj'  philosophical  mind,  eminently  conversant  in  all  bran* 
chet  of  natural  knowledge,  and  the  friend  of  Dr  Btock. 

52.  In  the  course  of  these  rep^irSf  many  curioos  fiacts  in 
the  production  and  condensation  of  steam  occurred  (o  him; 
and,  among  others  that  remorkable  fact  which  is  nlways  ap- 
pealed to  by  Dr  Black  as  the  proof  of  the  inimcn$e  quanti- 
tj  of  heat  which  ia  contained  in  u  very  minute  quantity  of 
water  In  tlie  form  of  ekstic  steam.  When  a  quantiiy  of 
Water  is  heated  several  degrees  above  the  boiling  point  in  a 
dose  digester,  if  a  hole  be  opened,  the  steam  rushes  out 
with  prodigtons  violence,  and  the  heat  of  the  remaining  wa- 
ter is  reduced,  in  the  course  of  three  or  four  secofkl*,  to 
the  boiling  temperature.  The  water  of  the  steam  wbidi 
has  iasucd  amounts  only  to  a  very  few  ounces;  and  yet  iheac 
have  carried  off  with  them  the  whole  excess  of  heat  frott 
the*  water  in  (he  digester.* 

6S.  Since  then  a  certain  quantity  of  steam  contains  so 
great  a  quantity  of  heat,  it  must  expend  n  great  quantity  of 


•  "  WbCTi  the  dipeiter  was  set  upon  «  sitadjr  fire  for  a  gifcn  ttme>  lialfftd 
fcoor  far  instance,  the  titeam  b«inj5  aIIow«rf  to  iwue  hrv\y  hj  Icrrpmir  tHo 
■»fety-va|rc  qiiile  epo^t  and  tbr  qiiandty  of  ivklar  ef  »por4ted  in  tU«i  lioa 
btiiig  aicertaloed  i  if  the  dig»ter  wa*  o^i^aiii  placed  oo  ihe  fire,  &ud  cooiiiUMd 
for  in  t-ifual  time  witb  the  MUcty-vtWcfhti^  upou  opening;  Umt  v&l«e»qoaiK 
lit^  of  kteam  would  mno  wiili  vielcHCc  ;  and  when  iht  eU»Ocit,v  of  the  •tram 
BfOtng  wu  rrdoced  to  (bat  uf  ihe  atiuotpUere.  I  found  llie  quanlily  o(  wMcr 
eraporalrd  ia  ibeae  clrcumitance*  wai  appareuiljr  the  same  as  bad  «Tip«t» 
ted  in  an  equaJ  lime  wbeo  tbo  vaUe  vts  am^tbuily  upeu  :  From  whcoc*  t 
eoitcliided,  that  tbir  qnautitiei  of  water  evnporaled  in  any  given  tjrue^  mrtt 
propurtional  to  tbr  ifoai«ti(^  of  beat  wbicb  entered  ii  ct  caieri»  patibug  ivxkm 
MirfaccB  cxpoK-d  to  the  fire,  aod  not  to  the  rurfWtep  eipofted  toihcatr,  «»b«A 
been  •appotcU.  and  bi  ii  the  ease  where  tlie  air  is  the  lole  iigent  gl  eT«|Min^ 
tioii  to  heaia  briuw  boiling.  (See  rjr  Black's  Lectures,  articlcw  LftteutHcMy 
nd  IinprofcuicoU  oa  ih«  SHum-Sa^,  p.  100,  ct  tei^T    W^ 
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K;  and  do  conslniction  of  furnace  can  prevent  this.  Mr 
Skf  tlietvfore,  set  hie  invention  to  work  to  discover  me- 
It  of  bMbnndJnt;  tliis  hent.  The  cylinder  of  his  little 
model  was  beut«d  almost  in  itn  instant,  so  that  it  could  not 
be  touched  by  the  hand.  It  could  not  be  otherwise,  be- 
caiuc  rt  condrnded  the  vapour  by  Absiracclng  its  heat.  But 
aQ  the  beat  xhun  communicated  tn  the  cylinder,  and  wasted 
by  11  on  tnrroundiu^  bodies  contributed  nothing  to  the  per* 
ibrntance  of  the  engine^  and  must  be  taken  away  at  every 
injection,  and  again  cumaiuuicated  und  wnsted.  Mr  Watt 
qnickiy  nndcrstood  the  wiioie  process  which  was  going  on 
within  the  cyJinder,  and  which  we  have  considered  so  mi- 
nolel/v  and  saw  ihal  n  very  considerable  portion  of  the 

fD  most  \us  ttcasted  in  warming  the  cylinder.  His  first 
npta  were  marie  to  ajtceriain  how  much  was  thus  was- 
um\  he  found  that  it  was  mattJ/  times  as  much  as  would 
fiii  the  cyhoder  and  work  the  en/^me.  He  attempted  to  di- 
miniid)  ihi«  waste  by  u>iug  wooden  cylindets-  But  though 
tbrn  pmduoed  a  sensible  diminution  of  the  waste,  other  re»* 
forced  him  to  give  them  up.  He  then  surroundtd 
metal  cylmders  with  a  wooden  case.  By  this,  and 
using  no  more  injection  than  waa  absolutely  necessary  for 
the  condcn&;iti<rn,  he  reduced  the  waste  corihidcrahii^  ;  and 
there  consequently  remained  in  it  a  steam  of  very  consider- 
able elasticity,  which  robbed  the  engiue  of  a  proportional 
pATt  of  the  atmospherical  pressure.  He  saw  that  this  was 
jMvoidable  as  long  as  the  condensation  was  performed  in 
^B  cinder. 

^^4.  The  thought  struck  him  to  attempt  the  condensation 
m  another  place.  His  first  experiment  was  made  in  the 
amplest  manner.*     A  globular  vessel  communicated  by 


^H"  The  glnboUr  vote!  only  «xi»(«cl  iu  Mr  W.'i  miuJ,  and  wms  nei 
^^■d.     The  till  c>liDder  is  a  mUuke;    \.\i<tv  nrvi-r  w^is  ttnv 
^Bttie  c^lindet  Wiiigofbruft*     Theouttn 
■Kite  ihickocki  9i  cjUndcn  aweisftij  lo  ii.>«.v  .. 
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neftns  of  a  lon^  pipe  of  one  inch  diameteri  with  the  bottoai 
of  liis  little  cylinder  of  four  inches  diameter  ami  90  iochet 
long.  Tblc  pipe  had  a  stop-cock,  and  the  globe  «ras  tSA* 
mcrsed  in  a  vessel  of  cold  water.  When  the  piston  was  at 
the  top,  and  the  cylinder  filled  with  strong  stenni,  be  turn- 
ed the  cock.  It  was  scarcely  turned,  nay  he  did  not  think 
it  completely  turned,  when  the  sides  of  his  cylinder  (only 
strong  tin-plate)  were  srushed  together  like  an  emptor  blad- 
der. This  surprised  and  delighted  him*  A  now  cytindrr 
was  immediately  made  of  brass,  sufficiently  thick,  and  nicclj 
bori  d.  When  the  experiment  was  re|>eated  with  this  cy- 
linder, the  condensation  was  so  rapid,  that  he  conld  not 
say  ihat  any  time  was  expended  in  it.  But  the  most  T»* 
luable  discovery  was,  that  the  vacuum  in  the  cylinder  wa% 
M  he  hoped,  almost  perfect.  Mr  Watt  fbmul,  that  when 
he  used  water  in  the  boiler  purged  of  air  by  long  boiiing» 
nothmg  that  was  very  sensibly  inferior  to  the  pressure  of 
the  atmosphere  on  the  piston  could  hinder  it  from  coming 
quite  down  to  the  bottom  of  the  cylinder.  This  alone  wta 
gaining  a  great  deal,  for  in  most  engines  the  remaining 
elasticity  of  the  steam  was  not  less  than  one-etghtb  of  the 
atmospherical  pressure,  and  therefore  took  away  on^^ighth 
of  the  power  of  the  engine. 

55.  Having  gained  this  capital  point,  Mr  Watt  found  tnanj 
difficulties  to  struggle  wiUi  before  he  could  get  the  machiso 
to  continue  ks  motion.  The  water  produced  from  the  con* 
denscd  steam,  and  the  air  which  was  extricated  from  it^ 
or  which  penetrated  through  unavoidable  leaks,  behoved 
to  accumulate  in  the  condensing  vessL*l,  and  could  not 
be  avoided  in  any  way  similar  to  that  adopted  in  Newc^ 
nen'sengine.  He  took  another  method:  Heapi^liedpunpt 
to  extract  botli,  which  were  workt-d  by  the  great  beam.  The 
contrivance  ib  ca*^y  to  any  good  mechanic;  only  we  most 
observe,  that  the  piston  ot  the  water-pump  must  be  under 
tlie  surface  of  the  water  in  the  condenser^  that  the  water 
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hj  eot£r  Uie  pump  by  its  own  weight,  because  there  is  no 
Btao^erical  pressure  tlicre  to  force  it  iDt    We  coott  also 
re^  that  a  considerable  force  is  necessarily  rKpciided 
becausey  as  there  is  but  one  stroke  for  rarefying  the 
if,  and  this  rarefaction  must  be  nearly  complete,  tlte  air* 
tp  must  be  of  large  dimen.siousy  and  iig  piston  must  act' 
the  whole  prefigure  of  the  atuiospherc.     Mr  W'att^ 
kwcTcr,  found  that  this  force  could  be  easily  spared  from 
tis  tnAchinCj  already  so  much  improved  in  respect  of  power. 
5S,  Thus  has  the  steam-engine  received  a  very  consider- 
At  improvement.     Tlie  cylinder  may  be  allowed  to  re- 
laiD  very  hot ;  nay,  boiling  hot,  and  yet  the  condensation 
[he  completely  performed.    The  only  elastic  steam  that  now 
is  the  small  quantity  in  the  pipe  of  communication. 
!ven  this  small  quantity  Mr  Watt  at  last  got  rid  of,  by 
[mitting  a  small  jet  of  cold  water  up  this  pipe  to  meet  the 
in  Its  passage  to  the  condenser.     This  both  cooled 
this  part  of  the  apparatus  in  &  situation  where  it  was  not 
peoomaxj  to  warm  it  again,  and  it  quickened  the  condcn- 
He  found  at  last  that  the  small  pipe  of  communi- 
ion  was  of  itself  sufficiently  large  for  the  condensation, 
;ftod  that  DO  separate  vessel^  under  the  name  of  condenser, 
[iru  nec««:pary.     This  circumstance  shows  the  prodigious 
.japidity  of  the  condensation.    We  may  add,  that  unless  this 
iiad  been  the  case,  his  improvement  would  have  been  vastly 
dlmtuialied ;  for  a  large  condenser  would  have  required  a 
znoch  Urger  air-pump,*  which  would  have  expended  much 
of  the  power  of  the  engine.     By  these  means  the  vacuum 
below  tlic  piston  is  greatly  improved :  l*'or  it  will  appear 


•  "TTm  ii  not  correct ;  for  though  the  »mme  sired  pump  woald  be  longer 
ia  eshftuiling  a  larger  ccmdeii»er,  (were  it  employed  for  ibit  purpose)  yet 
tit*  Mine  degree  of  cthauilioa  would  b«  matnUiDed  were  it  regularly  at  work, 
^•owcvct  Urge  tbe  condeiiser  might  tie  ;  and  a  larger  coudenwr  causes  the 
•oDiiMOCeaicot  uf  the  cihiuitiou  to  be  more  i peedy  than  ■  »iuftlicr  one  doca. 
Tbf  tim  of  ttie  sir-pump  hu  relation  properly  to  the  qoanUty  of  air  leakage* 
aed  Dol  to  the  capacity  of  the  condcnaor."    W. 


lift 
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dear  to  any  person  who  understands  the  subject,  that  m 
long  as  any  part  of  the  condenser  is  kept  of  a  low  tempera- 
ture, it  will  abstract  and  condense  the  vapour  from  the 
warmer  parts,  till  the  whole  acquires  the  elasticity  corre- 
spondiog  to  the  coldest  part.  By  the  same  means  much  of 
the  waste  is  prcvenlcd,  because  the  cylinder  is  never  cooM 
much  below  the  boiling  temperature.  Many  engine*  bate 
been  erected  by  Mr  Watt  in  this  form,  and  their  pcrfono* 
anoe  gave  universal  satisfaction. 

We  have  contentei  ourselves  with  giving  a  very  slight 
description  without  a  figure  of  this  improved  engine,  be- 
CBuae  we  imagine  it  to  be  of  very  easy  comprehension,  aod 
becaase  it  is  only  a  preparation  fur  still  greater  improve- 
ments, which,  when  understood,  will  at  the  same  time  leave 
no  part  of  this  more  simple  form  unexplained. 

57.  During  the  progress  of  these  improvements,  Mr 
Watt  made  many  experiments  on  the  qunnlity  and  density 
of  the  steam  of  boiling  water.  These  fully  convinced  bmii 
that  although  he  had  greally  diniinisheil  the  waste  of  scaODt 
a  great  deal  yet  remainei],  and  that  the  steam  expended  dn» 
ring  the  rise  of  the  piston  was  at  least  three  times  more  thsa 
what  would  fill  the  cylinder.  The  cause  of  this  wn  veiy 
apparent.  In  the  subsequent  descent  of  the  pi«on,  cover- 
ed with  water  much  below  the  boiling  temperature,  the 
whole  cylinder  was  necessarily  cooled  and  exposed  to  the 
air,*  Mr  Watt's  fertile  genius  immediately  suggested  to 
him  tlie  expedient  of  empbying  the  elasticity  of  the  ^team 
from  the  boiler  to  impel  the  piston  down  the  cylinder^  in 
place  of  the  pressure  of  the  atmosphere  ;  and  tlius  he  re- 
stored the  engine  to  its  first  principles,  makiag  it  an  en- 


*  "  Tbi*  U  ft  mwtftkeb  Fma  die  Unt,  I  propo«ed  to  act  ap«n  tbc  pi^oa 
with  >teuB  iuiCeftd  of  itie  aiQoipfvvraj  Had  mj  mdel  wm  90  coustnict^d,^ 
W. 
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rine  tealfy  mated  hy  iieamJ*    As  this  is  a  new  epoch  ia 
its  history,  we  shall  be  more  particular  in  the  description  s 


*  **  Hie  account  of  thla  inrentioa  in  the  test  not  being  perfectly  correct, 
I  tabjoin  tiie  following  ■hort  history  of  it : — W. 

"  My  aitention  was  first  directed  in  the  year  1759  to  the  svbjeci  of  steam* 
kngines,  by  the  late  Dt  Hobison  himself  then  a  ttadent  In  the  Uairersity  of 
Blaagow,  and  nearly  of  my  own  age.  He  at  that  time  threw  out  an  Idea  of 
applying  the  power  of  the  steam-engine  to  (he  moving  of  wheel-carriagw« 
tad  to  other  purposes*  bat  the  scheme  was  not  matoredj  and  was  soon  almu« 
dimed  onVu  going  abroad. 

"  About  the  year  1761,  or  176t,  I  tried  tone  experiraejits  on  the  force  of 
steaiQ,  in  •  Fiptn*s  digester,  and  formed  a  species  of  steam-engme  by  flxiog 
npoo  ft  a  syringe  one-third  of  an  inch  diameter,  with  a  solid  piston,  and  ftir- 
nisbcd  also  with  a  coclt  to  admit  the  steam  from  the  digestor,  or  shut  it  off  at 
pleasure,  as  well  as  to  open  a  commaniration  from  the  inside  qf  the  syringe 
to  the  open  air,  by  which  the  steam  contained  in  the  syringe  might  escape. 
When  the  communication  between  the  digester  and  syringe  was  opened,  the 
rtema  e&tered  the  syringe,  and  by  its  action  upon  the  piston  raised  a  c6nsi- 
devable  weight  (15  lb.)  with  which  it  was  loaded.  When  this  was  raised  as 
high  as  was  thought  proper,  the  communication  with  the  digester  was  shot^ 
aad  that  with  the  atmosphere  opened ;  the  steam  then  made  its  escape,  and 
th«  weight  descended.  The  operations  were  repeated,  and  though  in  this 
experiment  the  coclc  was  turned  by  hand,  it  was  easy  to  see  how  it  could  bo 
dooe  by  the  machine  it&elfj  and  to  make  it  work  ^ith  perfect  regularity.  But 
I  aeon  relinqnlihed  the  idea  of  constructing  an  engine  upon  this  principle, 
from  being  sensible  it  would  be  liable  to  some  of  the  objections  a^^inst  Sa- 
vaiy*!  enguie^  viz.  the  danger  of  bursting  the  boiler,  and  the  difficulty  of  ma- 
fcing  the  joinu  light,  and  also  that  a  great  pact  of  the  power  of  the  steam 
would  be  lost,  because  no  vacuum  was  formed  to  assist  the  descent  of  the 
pistoa.t 

'^  Tlie  aitention  necessary  to  the  avocations  of  basineft  prevented  me  from 
then  prosecuting  the  subject  farther  ;  but  in  the  *iuter  of  1765-4,  having  oc- 
casion to  repair  a  model  of  Newcomen*s  engine  belonging  to  the  natnral  phi- 
kuopby  class  of  the  University  of  Glaigow,  my  mind  was  again  directed  to 
it.  At  that  period,  my  knowledge  was  derived  principally  from  Desaguliers, 
and  partly  from  Belidor.     i  srt  about  repairing  it  as  a  mere  mechanician. 


'  I,  however,  described  this  engine  in  the  foarth  article  of  the  specifi- 
of  my  patent  of  1769 ;  and  again  in  the  specification  of  another  patent 
m  the  yea*  1784,  together  with  a,  mode  of  applying  it  to  the  moviog  of  wheel- 
ewriagcs,''   W. 
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at  the  same  time  still  restricting  ourselves  to  the  csseniiid 
circumstances,  and  avoiding  everj  peculiarity  which  i%  to 


«nd  when  that  was  done  and  it  wu  ir.l  to  woilc,  I  wu  sarpriMd  to  find  Oial 
fh  boiler  could  not  supplj  U  with  iteani,  tlioagh  ap|»reaU5  quite  Urp 
enough  ;  (the  cjlindfr  of  the  model  being  two  iochei  in  diftmelcr,  and  4* 
inches  «troke«  ami  the  boiler  about  nine  inches  diameter.)  fij  blowing  the 
fire  it  was  made  to  take  a  few  atntkes,  but  recjuireJ  an  cnorrooua  qoautitj  of 
injection  watcfi  Uiough  it  was  very  lightly  loaded  by  the  colamn  of  water  in 
the  pump.  It  toon  occurred  that  ihii  wu  cauicd  by  the  little  cylinder  et- 
poslng  a  greater  surface'lo  condense  the  steam  than  the  cylinders  of  Urgcien* 
gincs  did  in  proportion  to  ibeir  respective  contents.  It  was  found  that  by 
shortening  the  column  of  water  in  the  pump»  the  boiler  could  supply  llie  cy- 
linder with  fteans  and  that  the  engine  would  work  regularly  with  a  uodenio 
quaotity  of  injection*  It  oow  appeared  that  the  cylinder  of  the  raodel  beui( 
of  brass,  would  conduct  beat  much  better  than  the  cast-iron  cylioden  of 
larger  englnesj  (generally  covered  on  the  inside  with  a  itony  crmt)  and  ihit 
considerable  adrantaee  could  be  gained  by  making  the  cyliodera  of  some  sob* 
stance  that  would  receive  and  give  out  heat  slowly  :  Of  these,  wood  aeeosed 
to  ba  the  most  likely,  provided  it  should  prove  tuJSciently  durable.  AnssU 
engine  w»  therefore  coiutrncted  with  a  cylinder  six  inches  diameter,  and 
twelve  inches  stroke,  made  of  wood,  soaked  in  linseed  oil,  and  baked  to  dry 
ness.  With  this  engiuo  inuny  eipcrimeiits  were  made;  but  it  was  soon  fbond 
that  the  wooden  cylinder  was  not  likely  to  prove  durable,  and  that  ihcsteaa 
coudented  in  filliDg  it  still  exceeded  the  proportion  of  that  required  for  largo 
engines  according  to  the  slatements  of  Desaguliers.  It  was  also  found,  that 
all  attempts  to  produce  a  better  exhaustion  by  throwing  ia  more  injectioni 
caused  a  diaproporlionate  waste  of  steam.  On  reflection,  the  cnu»c  ot  this 
seemed  to  be  the  boiling  of  water  in  vacuo  at  low  heats,  a  discovery  lately 
made  b^Dr  CoIlen,aiid  some  other  philosophers,  (below  10<r,  at  I  was  iben 
informed)  and,  consequently,  at  greater  heats,  the  water  in  the  cylinder 
woDld  produce  a  steam  which  would,  in  part,  resist  the  pressure  of  the  aUno** 
phere. 

"  By  experiments  which  I  ihea  tried  npon  the  heats  at  which  water  boiti 
under  several  pressures  greater  than  tl^i  of  the  atmosphere,  it  appeared,  thai 
when  the  heats  proceeded  in  an  aritbraolical,  (he  elasticities  proceeded  in 
some  geometrical  ratio  ;  and  by  laying  down  a  curve  from  my  data^  I  ascer- 
tained the  particular  one  near  enough  for  my  pnrpa«e.  It  also  appeared,  that 
any  approach  to  a  vacuum  could  only  be  obtained  by  throwing  in  large 
quantities  of  injection,  which  would  cool  the  cylinder  so  much  as  to  re- 
quire quantities  of  steam  (o  heat  it  again,  out  of  proportion  to  the  power 
gained  by  the  more  perfect  ?acuum ;  and  that  the  old  engineers  had  acted 
wUcly  in  contealiiig  themselves  with  loading  the  engine  with  only  sla  oi 
wren  pounds  ou  each  square  inch  of  the  arva  of  the  piston.   It  being  erident 
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be  found  in  the  prodigious  varieties  which  Mr  Watt  has 
introduced  into  the  machines  which  he  has  erected,  every 


thmt  there  was  a  great  error  in  Dr  Dcsagulien'  calculatioiu  of  Mr  Bcigbtua't 
•xpetiuieoti  on  the  balk  of  tteam,  ■  Fturence  flask,  capable  of  coDCaioing 
aboul  a  pound  of  water,  had  about  odc  ounce  of  dutilled  water  put  into  it ; 
a  glan  tube  «ra9  fitted  into  its  moutbj  and  the  joiaiag  made  tight  bj  lapptug 
(bat  part  of  Ibe  tube  with  packthread  covered  with  glaztert'  putty.  When 
the  flatk  was  set  upright,  the  tube  reached  down  near  to  the  surface  of  thfl 
water,  aad  to  that  position  the  whole  was  placed  in  a  tin  reflecliog  oven  be- 
fore a  fitK,  Btibtthe  water  woa  wholly  cTaporated,  which  happened  in  about 
an  hour,  and  might  have  been  done  soonrr  bad  I  not  wished  the  heat  uot 
■ttch  to  eicccd  that  of  boiling  water.  As  the  air  in  the  fliuk  was  heavier 
than  the  steam,  the  latter  ascended  to  the  lop,  and  oapelled  the  air  through 
the  tube.  When  the  water  «as  all  evaporated,  the  oven  and  flask  weie  rcou>- 
ved  frura  lUc  fire,  and  a  blast  of  cold  air  was  directed  against  -lOC  aide  of 
the  Aask,  to  collect  the  condensed  stoatn  iu  one  place.  VVheu  all  was  cold, 
the  lube  was  rcinovcd,  the  flask  and  its  contents  were  weighed  with  care  ^  and 
the  .flask  being  made  hot,  it  was  dried  b;.  blowing  into  It  by  bellows,  and 
when  weighed  again,  was  found  tu  have  lost  rather  more  ibao  four  grains,  a* 
tinated  aC4|  graini.  When  the  flask  was  tilled  with  water,  it  was  foBod  to 
coDtaiii  about  17|  ounces  avoirdupois  ol  that  Huid,  which  gave  about  1800 
for  the  expaniion  of  water  converted  into  steam  of  the  heat  of  boiling  water. 
"  Tbii  experiment  was  repeated  with  nearly  the  same  result ;  and  in  order 
to  asccrtaiD  wheiher  the  tlaik  had  been  wholly  filled  with  steam,  a  siioilar 
qoandty  of  water  was  for  the  third  time  evaporated  ;  and,  while  the  fl«sk  waa 
still  cold  J  It  was  placed  inverted,  with  its  raouth  (contracted  by  the  tube) 
imiarrsed  in  a  veiael  vf  water,  which  it  sucked  in  as  it  cooled,  until  in  tha 
lenpetaturc  of  the  atmosphere  it  was  flUcd  to  wilhiu  half  an  ounce  mea»ura 

of  waler.t  ^ ^ 

"  In  repetitions  of  this  cxpcriraent  at  a  later  dme*  X  \ 

J  MmplUicd  the  apparatus  by  omitting  the  tube,  and       ^^  j 

laying  the  (lask  upon  its  side  in  the  ovcu,  thus,  partly  ^^ "^^^^^ 

closing  iu  mouth  by  a  cork,  having  a  notch  on  one  side,  thus,  and    ^g\ 

•therwise  proceeding  as  has  been  mentioned.  V^y 

'•  I  do  not  consider  these  ejtperimenls  as  citremely  aoeurate,  the  only  scale- 


t  •*  In  the  eonirivamce  «f  this  experiment  I  vra*  assisted  by  Dr  Black. 
"  In  Dr  Robison's  edition  of  Dr  Black's  Lectures,  vol.  L  poge  J4r,  tha 
[t<«  huiti  ill  some  cspcrtmrnts  upon  this  subject  as  made  by  him ;  but  I  have 


jMtltt  huili  ill  some  cspcrtmrnts  upon  luis  Buujcct  as  mac 
im  knowledge  of  auy  except  those  which  I  made  mysetl. 
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individaal  orwhich  has  been  adapted  to  local  <urcnmat«ft» 
ces,  or  diversified  by  the  progress  of  Mr  Watt's  improve- 
ments. 


beam  of  a  propa*  tin  which  I  had  then  at  my  coiniDand,  not  being 
aJble,  and  the  bulk  of  the  iteam  being  liable  to  be  inflneoced  by  the  best  l»    . 
which  it  if  exposed^  which,  in  the  way  deicribed,  it  not  ewly  regnlatad  m 
atcertained ;  but,  from  my  experience  in  actual  practice,  I  esteem  Cktteft|M 
tioQ  to  be  rather  more  than  I  have  coapated*  ^ 

"  A  boiler  wat  constructed  which  showed,  by  Intpection,  tbe  quntityal 
water  CTaporatcd  in  any  given  time,  and  thereby  atcertained  the  qouitilrif 
■team  used  in  erery  stroke  by  the  engine,  which  I  found  to  be  sevecal  tiMi 
the  full  of  the  cylinder.  Astonished  at  the  quantity  of  water  raqnirad  kt 
the  injection,  and  the  great  heat  it  had  acquired  from  the  email  qnanl^eC 
water  in  the  form  of  steam  which  had  been  used  in  filling  the  eylindeb  mi 
thinking  I  had  made  some  mistake,  the  following  esperimeat  waa  triad  i-^ 
glass  tube  was  bent  at  right  angles,  one  end  wat  inserted  berisootal^  i>l» 
the  spont  of  a  tea-kettle,  and  the  other  part  was  immersed  perpendionbtfif  ia 
well-water  contained  in  a  cylindtic  glass  vessel,  and  steam  was  mad*  to  pMl 
through  It  until  Et  ceased  to  be  condensed,  and  the  water  in  the  gla»  fcad 
wat  become  nearly  boiling  hot.  The  water  in  the  glass  vemel  was  tbea  ftai 
to  have  gained  an  addition  of  about  one-sixth  part  from  the  oondokaad  MMb 
Consequently,  water  converted  into  steam  can  heat  about  six  timta  its  mm 
weight  of  well-water  to  312°,  or  till  it  can  condenie  no  more  tteaa.  Boiig 
struck  with  this  remarkable  fact,  and  not  understanding  the  rewan  of  iU  1 
mentioned  it  to  ray  friend  Dr  Black,  who  then  explained  to  me  bis  dodriM 
of  latent  heat,  which  he  had  taught  for  some  time  before  thit  period;  (■■■> 
raer  1764,)  but  having  myself  been  occupied  with  the  purtaiti  of  bannes^if 
I  had  heard  of  it,  I  had  not  attended  to  it,  when  T  thus  stumbled  apoa  eaa 
of  the  material  facts  by  which  that  beautiful  theory  it  sopported. 

"  On  reflecting  further,  I  perceived,  that  in  order  to  make  the  bMt  wt  af  , 
steam,  it  wa»  necessary.  First,  that  the  cylinder  should  be  maintained  alwayt 
as  hot  as  the  steam  which  entered  it ;  and.  Secondly,  that  wlienlbe  steam  waa 
condensed,  the  watei  of  which  it  was  composed,  and  the  injectioa  ittclC 
should  be  cook-d  down  to  100°,  or  lower,  where  that  was  poatibl*.  TWt 
means  of  accomplishing  these  points  did  not  immediately  present  tbensMlvet; 
but  early  in  1705  it  occurred  to  me^  that  if  a  communicalifm  were  opened  be- 
tween a  cyliiidi-r  containing  steam,  and  another  vessel  which  was  exhasMvl 
'  of  air  and  oilier  fluUfs,  the  steam,  as  an  clastic  fluid,  w<*n!d  immediately 
rush  info  the  cniptv  vessel,  end  continue  so  to  do  until  it  had  esta|iliabcd  an 
equilibrium  ;  and  if  that  vettel  were  kept  very  cuul  by  an  injection,  or  other- 
wise, more  steam  would  continue  to  enter  until  the  whole  was  coadcntedb 
But  both  the  vessels  being  exbauited,  or  nearly  to,  how  vat  tbe  ixycdioa* 
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58.  Let  A  (Plate  I.  %.  9.)  represent  the  boiler.  This  has 
received  great  improvements  from  bis  complete  acquaintance 


water,  the  sir  which  woald  enter  with  it,  ind  the  coDden>cd  iteuii,  to  be  got 
o«t  ?  HiU  I  propoMd,  in  my  own  mind*  to  perform  in  two  wiya.'  One  ww 
hy  edeptiBg  to  the  second  vessrl  a  pipe  reaching  downward*  more  than  34 
feet^  by  which  the  water  would  detrend,  (•  column  uf  that  length  orerbalan- 
«uig  the  atneephere)  and  by  extracting  the  air  by  meani  of  a  pomp. 

"  The  aeooad  method  was  by  employing  a  pump,  or  pumps,  to  extract 
both  the  air  and  the  water,  which  ivoold  be  appUcabte  in  all  places,  and  ea* 
•enttat  m  thoat  ewes  where  there  was  no  well  or  pit. 

"  This  latter  mcibod  was  the  oae  I  then  prefecieit  and  is  the  only  one  I 
afterwards  eeotinoed  to  ose. 

"  Jo  Ke«eomen*s  engine,  the  piston  is  kept  tight  by  water,  which  coald 
fiot  be  applicable  in  this  new  method ;  as,  if  any  of  it  entered  into  •  parCially- 
•xbansted  and  hot  cylinder,  it  would  boil  and  prevent  the  produetion  of  ft  v»- 
«Bani«  and  would  also  cool  the  cylinder  by  iu  eraporatioa  during  the  deaoent 
«f  the  pislOB,  I  proposed  to  remedy  this  defect  by  employing  wax,  tallow, 
or  other  grease,  to  lubricate  and  keep  the  piston  tight.  It  next  occurred  to 
mi»0  that  the  laoath  of  the  cylinder  being  open,  the  air  which  enured  to  act 
jM  the  piston  would  cool  the  cylinder,  and  condense  soma  steam  on  again 
lUUng  it,  1  therefore  proposed  to  put  an  air-tight  cover  upon  the  cylinder, 
with  a  hole  and  staffing-box  for  the  piston-rod  to  slide  throagb,t  and  to  ad- 
■ttt  steam  above  the  {>iston  to  act  upon  it  instead  of  the  atmosphere.  There 
elitt  remained  another  source  of  the  destruction  of  steam,  the  cooling  of  the 
cyiiader  by  the  external  air»  which  would  produce  an  internal  condensation 
wbenevM  steam  entered  it,  and  wjiich  would  be  repeated  every  stroke  ^  this 
I  proposed  to  remedy  by  an  external  cylinder  containing  steam,  surrounded 
by  another  of  wood,  or  of  some  other  substance  which  would  couduct  heat 
slowly. 

*'  When  once  the  idea  of  the  sepantte  condensation  was  started,  all  these 
Improvements  followed  as  coiolUriea  in  quick  succession,  so  that  In  the  course 
of  oae  or  two  days,  the  invention  was  thus  far  complete  in  my  mind,  and  I 
inunediately  set  about  an  experiment  to  verify  it  practically.  I  took  a  large 
syringe,  1|  inches  diameter,  and  10  inches  long,  made  a  cover  and  bot- 


f  N.  B.  "  The  piston-rod  sliding  through  a  stuffing-box  was  new  in  steam- 
«i^(>^>  it  was  not  necessary  iu  Newcomen*8  engine,  as  the  month  of  the 
cylinder  was  open,  and  the  piston  stem  was  square  and  very  clumsy.  The 
fitting  the  piston*rod  to  the  piston  by  a  coot  was  an  sAer  improvement  ef 
(about  1774.") 


lis  STEAM-ENGIMX. 

with  the  procedure  of  nature  in  the  production  of 


torn  CO  it  of  tin  plate,  with  a  pipe  to  convey  iteam  to  both  endi  of  the.c^ 
Under  from  the  boiler ;  another  pipe  to  convey  steam  from  the  upper  md 
to  the  condenser  (for,  to  save  apparatus,  I  inverted  the  cylinder.)  I  drilU 
a  hole  loDgitudiually  through  the  axis  of  the  stem  of  the  piiCoa,  mi 
fixed  a  valve  at  iu  lower  end,  to  permit  the  water  which  was  pcodncad  b^ 
the  condensed  steam  on  first  filling  the  cylinder,  to  issue.  The  coate- 
•cr  used  upon  this  owasion  consisted  of  two  pipes  of  thin  tiik-pUt«^  ta  or 
twelve  inches  long,  and  about  one-sixth  inch  diameter,  standing  prrptiJi 
cular,  and  communicating  at  top  with  a  short  horixontal  pipe  of  lu^di* 
Jimeter,  having  an  aperture  on  iu  upper  side  which  was  shot  by  a  vabc 
Opening  upwards,  Tbese  pipes  were  joined  at  bottom  to  another  p«fp»* 
dicular  pipe  of  about  an  inch  diameter,  which  served  fior  the  air  and  wMv* 
pump ;  and  both  the  condensing  pipes  and  the  air.pump  were  {daccd  ani 
mall  dstem  filled  with  cold  water^ 

**  The*sCeam-pipe  was  adjusted  to  a  small  boiler.  When  steam  was  pr»> 
dnced,  it  was  admitted  into  the  cylinder,  and  soon  issued  through  die  per- 
foration of  the  rod,  and  at  the  valve  of  the  condenser.  When  it  waa  judgri 
that  the  air  was  expelled,  the  steam-cock  was  shut,  and  the  air-pump  pii> 
ton-rod  was  drawn  op,  which  leaving  the  small  pipes  of  the  condenacr  iat 
atate  of  vacuum,  the  steam  entered  them  and  was  condensed.  The  puMi 
of  the  cylinder  immediately  rote  and  lifted  a  weight  of  about  18  Ibe.,  wtiA 
vras  hung  to  the  lower  end  of  the  piston-rod.  The  exhaustioo-cock  WM 
shut,  the  steam  was  readmitted  into  the  cylinder,  and  the  operation  waa  n> 
peated,  the  quantity  of  steam  consumed,  and  the  weights  it  could  raise  were 
obiierved,  and,  excepting  the  non-application  of  the  steam-case  and  exto^ 
nal  covering,  the  inve.^tion  was  complete,  in  so  far  as  regarded  the  aavings 
of  steam  and  fuel.  A  large  model,  with  an  outer  cylinder  and  wooden  case, 
was  immediately  coastructed,  and  the  experiments  made  with  it  served  ttf 
verify  the  expectations  1  had  formed,  and  to  place  the  advanuge  of  the  !»> 
▼ention  beyond  the  reach  of  doubt  It  was  found  convenient  afterwards 
tp  change  the  pipe-condenser  for  an  empty  vessel,  generally  of  a  cylindri- 
cal form,  into  which  an  injection  played,  and  in  consequence  of  there  beiof 
more  water  and  air  (o  extract,  to  ecJargethe  air-pump. 

**  The  change  was  made,  because,  in  order  to  procure  a  surface  tufficiaitly 
extensive  to  condense  the  i^eam  of  a  large  engine,  the  pipe*coxulenscr  would 


t  **  M*  B.  This  construction  o  the  condenser  was  employed  from  Luuwiug 
that  heat  penetrated  thin  plates  of  metal  very  quickly,  and  considering  diat 
if  no  injection  was  tlirown  into  an  exhausted  vessel,  ibere  would  be  only  the 
water  of  which  the  steam  had  been  composed,  and  the  air  which  catereA 
viih  the  steam,  or  through  the  leaks,  to  eztracU"    W. 
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some  of  his  engines  the  fuel  has  been  placed  in  the  midst 

■c ~ 

^^■ttxe  to  be  very  volumiooui,  and  because  the  bad  water  with  which  en- 

^^bi  are  frequently  aupplied,  would  crust  over  the  thio  plates,  aad  prevent 

^^Br  coaveytng  tlie  heat  sufficiently  quick.    The  cyliaders  were  aim  pLu 

^^P'With  their  mouths  upwardi,  iiiid  furniihed  with  a  working-beam,  and 

other  apparacuf,  ai  was  usual  iu  the  ancieal  engines ;  the  inrcruon  t.f  the 

r^linder^  ur  rather  of  the  pi»toa-rod,  io  the  model,  being  only  an  eipedicnt 

lo  try  more  easily  the  new  invention,  and  being  subject  to  many  objectioni 

ia  large  cogineti 

**  lo  1768  I  applied  for  letters  patent  for  my  *  Methods  of  Lesseoing  the 
Con»uroptioa  of  Steam^  and  consequently  of  Fuel,  in  ^re-£ngines.'  which 
pawed  the  scab  in  January  1 769,  ^tod  my  Specification  was  cnroUed  in  Chan- 

ff  in  April  following,  and  was  as  follows  : — 
My  method  of  lessening  the  consumption  of  iteam,  and  consequently 
»  in  fire-engines,  consists  of  the  following  principles : 
**  FtrBt-,  That  veisel  in  which  the  powers  of  steam  are  to  be  employed  to 
work  the  engine,  which  it  called  the  cylinder  in  common  fire-engines,  and 
whjcli  I  call  the  sieam-vcsscl,  must,  during  (he  whole  time  the  engine  is  at 
work,  be  kept  aa  hotas  the  steira  that  enters  it ;  first,  hy  enclosing  it  in  a 
case  of  wood,  or  any  other  materials  that  transmit  heat  slowly ;  secondly, 
by  anuTotinding  it  with  steam,  or  other  heated  bodies  j  and,  thirdly,  by  suf- 
feriog  neither  water,  or  any  other  tubstaace  colder  than  the  steam,  to  enter 
or  touch  it  during  that  time. 

"  Secondly,  In  engines  that  are  to  be  worked  wholly  of  partially  by  con- 
densation of  steam,  the  steam  is  to  be  condensed  in  vessels  distinct  from  the 
steam  vessels  or  cylinders,  although  occasionally  communicating  with  them; 
ifaetc  *e»«els  I  call  condensers ;  and,  whilst  the  engines  are  working,  these 
toadeatert  ought  at  least  to  be  kept  as  cold  as  the  air  in  tlie  neighbourhood 
of  the  cngtoes,  by  application  of  water,  or  other  cold  bodies. 

'*  Thirdly,  Whatever  air  or  other  elastic  vapour  is  not  condensed  by  the 
etrfd  of  the  condenser,  and  may  impede  the  working  of  the  engine,  ia  to  be 
drawn  out  of  the  stcam-vcsscls  or  condensers  by  means  of  pumps,  wrought 
by  the  enginu  themselves,  or  otherwise. 

*'  Fourthly,  I  intend  in  many  cases  to  employ  the  expansive  force  of  steam 
10  preuon  the  pistons,  or  whate^<er  may  be  used  instead  of  them,  in  the 
same  manner  as  the  pressure  of  the  atmosphere  is  now  employed  in  common 
fire-engines:  In  cases  where  cold  water  cannot  be  had  in  plenty,  the  en- 
may  be  wrought  by  this  force  of  steam  only,  by  discharging  the  steam 
the  open  air  after  it  has  done  its  office. 

Fifthly,  where  motions  round  an  axis  are  required,  I  make  the  steam- 
in  form  of  hollow  rings,  or  circular  channels,  with  proper  inlets 
for  the  steam,  mounted  on  horitontal  axles,  like  the  wheels 
ir-miU ;  within  them  are  placed  a  number  of  valves,  that  sulfer  any  be 
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of  the  water,  surrounded  by  an  iron  or  copper  vessel,  \ 
the  exterior  boiler  was  lunde  of  wood,  >vliich  tran:)mits,  and 
therefore  wastes  the  heat  very  slowly.*  In  others,  the  flame 


to  |o  round  (he  channel  in  one  dir«clion  oaly  j  in  tUcio  itcam-vnieli  art 
plAcfld  woightj,  »n  fitted  (o  (lirni  h  tntird}-  to  £11  up  a  part  or  purtuin  of  ihftir 
chuineU,  yet  rendered  capabtt  of  moving;  freely  id  tlien,  bj  \  he  meam  brrvin* 
aft eriDcnli otic d  or  sp«cified  :  When  the  ftteani  is  admitted  in  IheM  cnginet, 
between  ihc«e  weighit  and  the  vulvm,  it  acts  e^iiiAtly  ou  both,  »o  a»  to  ni>e 
*hc  weight  to  one  side  of  the  whcetf  and  by  ihc  reaction  uu  the  ralTCi.  luc. 
cei»ively  to  give  a  circular  motion  lo  titc  wheel,  the  valve*  opening  in  the  di- 
recCioD  in  -which  the  itci|;ht>  arc  prcised,  but  not  in  the  contrary  ;  at  the 
tteam-Tesacl  moves  round,  it  is  supplied  with  steam  from  the  builer,  and  th«| 
which  has  performed  its  ofitco  may  either  be  discharged  by  acatis  of  condeo- 
tcni«  or  into  the  open  air. 

"  Sixthly,  I  inlcndi  in  some  cases,  to  apply  a  degree  of  cold*  not  capable  of 
reducing  the  slean  to  water^  but  of  contracting  it  considerably,  so  that  the  en- 
gines shfeU  bo  worked  by  the  alternate  espantion  and  contraction  of  theucan. 

"  lastly,  Inttoad  of  usio|;  water  to  rrnder  the  piston  or  other  parts  of  the 
eogines  air  and  stram-'lighr^  I  employ  oili,  wax,  resinous  bodieSf  btofaol- 
maUf  quicksilver,  and  other  melals>  in  their  fluid  state. 

"  And  Ibe  said  Jumes  Watt,  by  a  nicraorandnn  odded  lo  the  said  spedC- 
cation,  declared,  that  he  did  not  intewl  that  any  thing  in  ihc  foorth  articla 
should  be  understood  to  extend  to  any  euginc  where  the  water  to  be  raised 
enters  the  steai»vesscl  ittelfj  or  any  resed  baTisig  an  open  coramonicatioo 
wUhiU"    W. 

*  "  The  exterior  part  of  Urge  boilers  was  never  executed  in  wood  by  im; 
this  iclales  vu\y  to  some  of  my  models,  and  one  or  two  very  small  rngioet 
which  1  mode  of  Ncwcomen's  kind.  Wood  is  improper,  because  it  sofieni 
bjr  Ihc  steam,  and  fiiiaKy  gives  way.  Tbo  conveying  the  Quuw  through  Ones 
io  the  inside  uf  iht-  water  had  been  practised  by  others  before  ray  Hrac,  and 
was  ccmmun  in  tItc  Cortiiih  engines,  The  inventor  is  ouknown,  but  a  pcraon 
of  the  name  of  Swaine  was  a  great  propagutnr  of  lite  practice;  however,  i 
fomewhat  improved  Ibe  form  and  udjuiled  the  proporlious.  The  property  of 
consuming  the  smoke  was  not  derived  from  the  construction  of  the  (lues,  nor 
from  the  extensive  surface  to  which  the  lire  was  applied,  hot  from  another 
contrivance  of  minca  called  the  amokelc»  furnace,  which  proceeds  somewhat 
opon  the  principle  of  Argand's  lamps.  Ilie  grate  and  dead-plates  are  laid 
sloping  downwards  from  the  fire  do«r,  at  nn  angle  of  about  55  to  30°  lo  Jh« 
honrnii.  The  fire  is  lighted  us  usual,  and  a  small  quantity  of  air  Is  admitted 
through  one  or  two  opcningi  in  the  fire  door,  so  as  to  blow  directly  oo  the 
Waxing  part  of  the  fir^.  The  tire  is  made  at  first  principally  near  ibc  dead- 
plate,  and  the  frcih  coatv  with  which  it  is  to  be  mpplicd,  arc  laid  upon  IhM 
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not  only  plays  round  tlic  whole  outsi(]e»  as  in  common 

»ilertf,  but  also  runs  along  several  flues  whicli  are  con- 

luctcd  through  the  midst  of  the  water.     By  such  contri* 

ranco9  the  fire  is  applied  to  the  water  in  n  most  extensive 

irfacC)  and  for  a  long  time,  so  as  to  impart  to  it  the 

re.itest  part  of  its  hcnt.     So  skilfully  was  it  applied  in  the 

ilblon  Mills,  that  altliough  it  was  a  large  engine^  its  un> 

tnsiimed  smoke  was  inferior  to  that  of  a  very  small  brcw- 

c.*     In  this  second  engine  of  Mr  Watt,  the  lop  of 

ic  cylinder  is  shut  up  by  a  strong  metal  plutc  ^r /j^  ilg,  9.  in 

le  middle  of  which  is  a  collar  or  box  k  U  containing  a  collar 

\i  hempi  surrounding  the  piston-rod  PD,  which  being  nice- 

turned  and  poliehcd>  can  move  up  and  down,  without  al- 

twing  any  air  to  pass  by  Its  sides.    From  the  dome  of  the 

liler  proceeds  a  Inrgc  pipe  BCIOQ,  which,  after  reaching 

Ihe  cylinder  with  iis  liorjzontiil  part  BC,  descends  parallel 

to  its  side,  sending  off  two  branches,  viz.  IM  to  the  top  of 

!the  cj'linder,  and  ON  to  its  bottom.     At  I  is  n  puppet- 

ralve  opening  from  below  upwards.     At  L,  immediaiel/ 


Iptate,  clu»«  to  the  burning  fuel,  but  not  upon  it.     Wbea  it  needs  mending 
le  burning  cuala  and  ihuse  upon  the  f)cad-pl.ile  ftre  pushed  furtlicr^owa 
wilhoul  Ueinj;  inited,  aud  nturti  cuuls  urc  laid  upuii  Ibe  dead<plate>  but  uever 
ibould  be  tluo^vn  on   tbc  lop  of  tliose  almidy  on  fire,  a*  that  wouid  lo- 
iljj  kcnd  out  a  vohime  of  tmoke.      In  this  tituatinn  Ihcv  arc  graiunitif 
ricd,  and  any  tmoke  which  isjucs  from  ibcni  is  c»n»utDcd  by  the  current  of 
ir  from  llic  fire  door  in  passing  over  the  bright  burning  fuel-     Ttie  opening* 
op«uiDgs»  to  admit  the  air,  arc  rcgulatcdj  so  as  just  (o  admit  ihe  quantity 
rhich  consumes  the  smoke  ;  more  would  be  prejudicial.     I  originally  con- 
ducted tbe»c  farnaces  in  a  wmonhnt  difforont  manner;  but  the  tibore  me- 
lod  baj  been  found  the  most  convenient,  and,  wlico  properlj  attended  la, 
iwcr»  the  purpose*  perfectly  with  free-burning  coal,  but  is  more  difficult  lo 
awnftge  «ilh  coal  iihich  cakes."    W. 

•  "The  engine  here  described  is  one  appllcabio  to  the  working  on  th« 
ffzp«Dsire  principle,  in  which  the  pistuu  aKfndt  in  «o  Kihauilcd  cybnder; 
»  TaciiQio  bolb  abovr  and  below  the  piston.  To  make  it  luceud  in  tieani,  the 
place  of  Ihe  injcctiuo  mu»t  be  altered,  »o  as  not  lo  spout  so  high  ;  and  there 
mast  be  a  regulating  tbUc  at  U,  to  prevent  Ihe  steam  going  inlo  the  cdpO- 
fign-pipe  oniil  lbs  pisiva  has  uceudcd  lu  lb«  top  of  ibc  cyliuder."     W. 
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below  this  branchy  there  is  a  similar  valve,  also  opening 
from  below  upwards.  The  pijie  descends  to  Q,  near  the 
bottom  of  a  large  cistern  c  d  ej\  filled  wilh  cold  water  con- 
stantly renewed.  The  pipe  is  then  continued  nearly  ho- 
rizontally along  this  cistern,  and  terminates  at  R  in  a  pump 
T.  The  piston  S  has  clack-valves  opening  upwards,  and 
its  rod  S  s,  passing  through  a  collar  of  hemp  at  T,  is  sus- 
pended by  a  chain  to  a  small  arch-head  on  the  outer  arm, 
of  the  beam.  There  is  a  valve  R  in  the  bottom  of  ^^i^H 
pump,  as  usual,  which  opens  when  pressed  in  the  dirccljo^^ 
QR,  and  shuts  against  a  contrarj'  pressure.  Tliis  pump  de- 
livers its  contents  into  another  pump  XY,  by  means  of  the 
ilat  pipe  /  X,  which  proceeds  from  its  top.  This  second 
pump  has  a  valve  at  X,  and  a  clack  in  its  piston  Z,  as 
usual,  and  the  piston-rod  Z  z  is  suspended  from  another 
arch-head  on  the  outer  arm  of  the  beam.  The  two  valves  1 
and  L  are  opened  and  shut  by  means  of  spanners 
handles,  which  are  put  in  motion  by  a  plug-framCf  \n 
same  manner  as  in  Newcomen's  engine. 

Lastly,  there  may  be  observed  a  crooked  pipe  ah  Ot  wh 
enters  the  upright  pipe  laterally  a  little  above  Q.    This  has 
a  small  jet  hole  at  o ;  and  the  other  end  t/,  which  is 
elderably  under  the  surface  of  the  water  of  the  coudenai 
cistern,  is  covered  with  a  puppet-valve  v,  whose  long 
T  u  rises  above  the  water,  and  may  be  raised  or  lowered  by 
hand  or  by  the  plug-beam.    The  valves  R  and  X,  and  the     i 
clacks  in  the  pistons  S  and  Z,  are  opened  or  shut  by  ih^J 
pressures  to  which  they  arc  immediately  exposed.  ^H 

This  figure  is  not  an  exact  copy  of  any  of  Mr  Waf^^ 
engines,  but  has  its  parts  so  disposed  that  all  may  come 
distinctly  into  view,  and  exactly  perform  their  various  func- 
tions. It  is  drawn  in  its  quiescent  position,  the  outer  end 
of  the  beam  preponderating  by  the  counter-wdght,  and  the 
piston  P  at  the  top  of  the  cylinder,  and  the  pistons  S  and  Z 
in  their  lowest  situations* 
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To  this  situation  let  us  suppose  that  a  vacuom  is  (by  any 
means)  produced  in  all  the  space  below  the  piston^  the 
valve  I  being  shut.  It  is  evident  that  the  valve  R  will  also 
be  shut,  OS  also  the  valve  r.  Now  let  the  valve  I  be  open-* 
ed.  The  steam  from  tlie  boiler,  us  elastic  as  common  air» 
will  rush  into  the  space  above  the  piston,  and  will  exert  on 
it  a  pressure  as  great  as  that  of  the  atmosphere.  It  will 
therefore  press  it  down,  raise  the  outer  end  of  the  beam, 
and  cause  it  to  perform  the  same  work  as  an  ordinary 
^■engine* 

^B    When  the  piston  P  has  reached  the  bottom  of  the  cylin- 

^■der,  the  plug-frame  shuts  the  valve  I,  and  opens  L,    By  so 

^HSoiiig,  the  communication  is  open  I)etween  the  top  and 

^Ibottom  of  the  cylinder,   and  nothing  hinders  the  steam 

which  is  above  the  piston  from  going  along  the  passage 

^■JklLON.    The  pit^ton  is  now  equally  aiTecled  ou  both  sides 

^Rky  the  steam,  even  though  a  part  of  it  is  condensed  in  the 

pipe  lOQR.     Nothing  therefore  hinders  the  piston  from 

■^eing  dragged  up  by  the  counter-weight,  which  acts  with 

pVU  whole  tbrcc,  undiminished  by  any  remaining  unbalanced 

elasticity  of  steam.    Here  therefore  this  ibrm  of  tlie  engine 

has  an  advantage  (and  by  no  means  a  small  one)  over  the 

common  engines,   in  which  a  great  part  of  the  counter- 

I     weight  is  expended  in  overcouiing  unbalauced  atmospheric 

pressure. 

M  Whenever  the  piston  P  arrives  at  the  top  of  the  cylinder, 
ke  valve  L  is  shut  by  the  plug-frame,  and  the  valves  I  and 
|are  opened.   All  the  space  below  the  piston  is  at  this  time 
ccupicil  by  the  steam  which  came  from  the  upper  part  of 
K'"-  cylinder,  hy  Om  time  of  great Ij/  di/ninished  eiusticitj/i  and 
near  a  balance  for  the  pressure  of  the  atmosj)here. 
crefore,  during  the  ascent  of  the  piston,  the  valve  R  was 
ihut,  and  it  remains  so.    When,  tlierefore,  the  valve  v  is 
(^enedj  tiie  cold  water  of  the  cistern  must  spout  up  through 
hole  0,  and  condense  the  remaining  steam.    To  tliis 
a  be  added  the  coldness  of  the  whole  pip*  ^^^OS.     As 
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liift  as  it  is  condensedy  its  place  is  supplied  by  steam  from 
the  lower  part  of  the  cylinder.  We  Lave  already  remarkedi 
that  this  successive  coadensation  is  accouiplished  \vith  asto- 
nishing rapidity.  In  the  menn  time,  steam  £rom  Uie  boiler 
presses  on  the  upper  surface  of  the  piston.  It  must  there* 
iore  descend  as  before,  and  the  engine  must  perform  a 
second  working-stroke. 

But^  in  the  mean  tiine»  the  injection-water  lies  in  the 
bottom  of  the  pipe  OQR,  heated  to  a  considerable  degree 
by  the  condensation  of  the  steam;  also  a<]uantityof  airhas 
beca  disengaged  from  it,  and  from  the  water  in  tiie  boiler. 
How  is  this  to  be  discharged  ?  This  is  the  oflTice  of  the 
pumps  ST  and  XY.  The  capacity  of  ST  is  great  in  pro- 
portion to  the  space  in  which  the  air  and  water  are  lodged* 
When,  therefore,  the  piston  S  has  got  to  the  top  of  Sts 
course,  there  must  be  a  vacuum  in  the  barrel  of  this  pump, 
and  the  water  and  air  must  open  tlie  vatve  R  and  come  in- 
to it.  When  the  piston  S  comes  down  again  in  the  next 
xcturning-strokc,  this  water  and-  air  get  through  tlic  valve 
of  the  piston  ;  and  next,  in  the  working-stroke,  they  are 
discharged  by  the  piston  into  the  pump  XY,  and  raised  by 
its  piston  in  the  following  stroke.  The  air  escapes  at  Y, 
and  as  much  of  the  water  as  is  necessary  is  delivered  into 
the  boiler  by  a  small  pipe  Y  g  to  supply  its  waste.  It  h  a 
matter  of  indifference  whether  tlie  pistons  S  and  Z  rise  wiUi 
the  outer  or  inner  end  of  the  beam,  but  it  is  ratlier  better  that 
they  rise  with  the  inner  end.  They  are  otherwise  drawD 
here  in  order  to  detach  them  from  the  rest,  and  show  them 
more  distinctly*  The  sieam-case  is  omitied  in  this  drawurgg 
but  one  method  ofappfj^ing  it  is  represeutid  in  plate  III* 

Such  is  Mr  Watt's  second  engine.  Let  us  examine  its 
principles,  that  we  may  see  the  causes  of  its  avowed  aod 
great  bupcriorily  over  the  common  engines. 

59.  We  have  already  seen  one  ground  of  superiority, 
the  full  operation  of  the  counter-weight.  We  are  aatbo- 
viwdi  by  careful  examiA&tioDi  t9  b»y,  that  in  the  coounon 
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[    engines,  at  least  one-half  of  the  counter- weiglit  is  expend^ 
€d  in  counteracting  an  unbalanced  pressure  of  the  air  oa 


rriot 


piston  during  its  aaccnt.     In  many  engines^  which  are 

Tiot  the  worst,  this  extends  to  one-fifth  of  the  whole  press* 

urc.  This  is  evident  from  die  examination  of  the  engine  at 

Montrelaix,  by  Bossut.    This  makes  a  very  great  counter- 

reight  necessary,  wliich  exhausts  a  proportional  part  of  the 

loving  force. 

60.  But  the  great  advantage  of  Mr  Watt's  form  is  the 
Imott  total  annihilation  of  the  waste  of  steam  by  condensa- 
ion  in  the  cylinder.     The  cylinder  is  always  boiling  hot^ 
»d  tlierefore  perfectly  dry.     This  most  be  evident  to  any 
?rsan  who  understands  the  subject.    By  the  time  that  Mr 
'att  had  completed  these  improvements,  his  experiments 
the  production  of  steam  had  given  him  a  pretty  accurate 
knowledge  of  its  density ;  and  he  foimd  himself  autliorised 
to  say,  that  the  quantity  of  steam  employed  did  not  much 
exceed  zchat  would  Jill  the  cylinder,  $o  that  very  lUtk  was  nn- 
avoidably  wasted.   But  before  he  could  bring  the  engine  to 
tJiifi  degree  of  perfection,  he  had  many  difliculties  to  over- 
come :  lie  inclosed  the  cylinder  in  another  containing  steamy 
and  that  in  a  wooden  case  at  a  smuH  distance  from  it,  wJiick 
ejfeciuailtf  prevents  all  condemation  in  the  inner  cifiinder  frotm 
^^^ternal  iiifluenct;  and  the  condensation  by  the  outer  cylinder 
^^Kt^Jf  vhich  Was  xery  small,  bad  no  other  bad  coinetjuencc  than 
^K&^  lom  of  to  much  steam  a%  formed  thecondemed  water,    {Su 
^^hlr  W*$  short  history  of  the  invent ion^  p.  117) 

The  greatest  dilTicuky  was  to  make  the  great  piston  tight. 
Tlie  old  and  efiTcctual  method,  by  water  lying  on  it,  was  in- 
admissible. He  was  therefore  obliged  to  have  his  cylinders 
most  nicely  bored,  perfectly  cylindrical,  and  finely  polish- 
ed ;  and  be  made  numberless  trials  of  different  soft  subsloo- 
ces  for  packing  his  piston,  which  should  be  tight  without  en- 
ormous friction,  and  which  should  long  remain  so,  in  a  si- 
tuation perfectly  dry  and  very  hot. 

Afker  all  that  Mr  Walt  has  done  in  this  respect,  Im? 
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thinks  that  the  greatest  part  of  the  waste  of  fiteam  which  he 
still  perceives  in  his  engines,  ari&es  from  the  unavoidable 
escape  by  the  sides  of  the  piston  during  its  descent. 

But  the  fact  is,  that  an  engine  of  this  construction,  of 
the  same  dimensions  with  a.  common  engine^  making  the 
same  number  of  strokes  of  the  same  extent,  does  not  con- 
sume above  one-fourth  or  one^third  part  of  the  fuel  that  is 
consumed  by  the  best  engines  of  tlic  common  foroi.  It  is 
also  a  very  fortunate  circumstance,  that  the  performance 
of  the  engine  is  not  immedinlely  destroyed,  nor  indeed  sen- 
sibly diminished,  by  a  small  want  of  tightness  in  the  piston. 
In  the  common  engine,  if  air  get  in  in  this  way,  it  imme- 
diately puts  a  stop  to  the  work  \  but  although  even  a  consi- 
derable qusnthy  of  steam  get  past  the  piston  during  its  de- 
scent, the  rapidity  of  condensation  is  such,  that  hardly  any 
diminution  of  pressure  can  be  observed. 

61.  When  Newcomen's  engimt  are  working  under  hads  in- 
Jerior  to  their  whole  power,  thry  are  regulated  to  prevent 
shocks  which  would  he  prejudicial,  by  lessening  the  quantity  of 
ivjection,  or  by  shutting  the  injection-cock  sooner  ;  These  nem 
engines  may,  in  some  degree,  be  regulated  in  the  same  manner; 
but  it  is  done  more  effectually  and  economically  tjirst,  l/y  limit- 
ing the  opening  of  the  regulating-valve  which  admits  the  steam 
above  the  piston,  and  letting  it  continue  so  open  during  the 
wliole  length  of  the  stroke ;  secondly^  by  letting  it  open  fully  at 
Jirst,  and  shuttling  it  completely  when  the  piston  has  proceeded 
do/wnwards  only  part  of  its  stroke  ;  or,  lastly,  by  the  use  of  a 
throttle-valve,  which^  acting- in  the  same  manner  as  the Jiuod- 
gate  of  a  mill,  admits  no  more  steam  than  gives  the  desired 
power,     (See  description  of  throttle-valve,  />.  134.) 

fit,  71ie  second  of  these  methods  of  regulating  the  power  rf 
the  engine,  forms  the  basis  ofrthnt  is  called  the  Expansive  En- 
gine, which  renders  available  the  greater  part  of  the  power 
with  which  the  steam  would  rush  into  empty  spare,  were  the  pis- 
ton  acted  upon  by  the  whole  force  of  the  steam,  from  the  bottom 
to  the  top  of  the  stroke,  through  the  whole  length  of  the  cy- 
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iftiltr,  a  princtpie  which  had  fitU  occurred  to  Mr  Walt  in 
Gg,  and  wai  adopted  in  an  engine  at  Soho  manufactory^ 
andtoTne  others,  about  1776,  and  in  177B  at  Shadweli  waters 
works,  and  afterwards  particularly  described  in  his  specification 
of  a  patent  for  several  new  improvetnents  upon  steam-engines, 
in  178^. 

The  construction  of  this  engine  is  uhat  has  be$n  described* 

The  steani'talve  I  is  always  alioaed  to  openfuHif  ;  the  pins  of 

the  plug-frame  are  regulated  so  that  tliat  vahe  sltali  shut  the 

mometit  that  the  piston  has  descended  a  certain  portion,  sup- 

^wm  one-fourth,  one-third,  or  one-half  of  the  length  of  the  cj^ 

^■Kn^fr.  So  far  the  cjlinder  was  occupied  by  Btentn  as  elastic 

^^■fl  common  air.     In  pressing  the  piston  farther  clown,  it 

behoved  the  steam  to  expand,  and  its  elasticity  to  diminish. 

I      It  is  plain  that  this  can  be  done  in  any  degree  we  please^ 

and  that  the  adjustment  can  be  varied  in  a  minute,  accord- 

iing  to  the  exigency  of  the  case,  by  moving  the  plug-pius. 
In  the  mean  time,  it  must  be  observed,  that  the  pressure 
on  the  piston  is  continually  changing,  and  consequently  the 
accelerating  force.  The  motion,  therefore,  will  no  longer 
be  uniformly  accelerated  :  It  will  approach  much  faster  to 
uniformity;  nay,  it  may  be  retarded,  because  although  the 
pressure  on  the  piston  at  the  beginning  of  the  stroke  may 
exceed  the  resistance  of  the  load,  yet  when  the  piston  is 
near  the  bottom,  the  resistance  may  exceed  the  pressure* 
Whatever  maybe  the  law  by  which  the  pressure  on  the 
piston  varies,  an  ingenious  mechanic  may  contrive  the  con- 
necting machinery  in  such  a  way  that  the  chains  or  rods  at 
the  outer  end  of  the  beam  shall  continually  exert  the  same 
pressure,  or  shall  vary  their  pressure  according  to  any  law 
he  finds  roost  convenient.  It  is  in  this  manner  that  the 
watchmaker,  by  the  form  of  the  fuzce,  produces  an  equal 
pressure  on  the  wheel-work  by  means  of  a  very  unequal  ac- 
tion of  the  main-spring.  In  like  manner,  by  making  the 
outer  arch-heads  portions  of  a  proper  spiral  instead  of  a  cir- 
cle, we  can  regulate  ihe  force  of  the  beam  at  pleasure. 
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Thus  we  sec  how  much  more  manageable  an  engine  is  in 
this  form  than  Ncwconicn*s  was,  and  also  more  easilj  inves- 
tigated m  respect  of  its  power  hi  its  various  positions.  The 
knowledge  of  ihis  la^l  circumstance  was  of  mightj  conse- 
quence, and  without  it  no  notion  could  be  formed  of  what 
it  could  perform^  whicli  may  be  called  a  discovery  of  great 
importance  in  the  theory  of  the  engine.  JVe  sftail  ^he  fitrt 
Mr  Watfs  theory  of  the  cxpamive  engine  tvhick  tee  havfjust 
described, 

65.  Let  ABCD  (Plate  11.  fig.  10.)  represent  a  section  of 
the  cj'Iinder  of  a  steam-engine,  and  EF  tlic  surface  of  its  pifl- 
ton.  Let  us  suppose  that  the  steam  was  admitted  while  EF 
was  in  contact  with  AB,  and  that  as  soon  as  it  had  pressed 
3t  down  to  the  situation  EF,  the  steam-cock  is  shut.  The 
ateam  will  continue  to  press  it  down,  and  as  the  steam  ex- 
pands, its  pressure  diminishes.  We  may  express  ita  press- 
ure (exerted  all  the  wliilc  the  piston  moves  from  the  fiitiM^ 
tion  ABto  the  &ituation  EF)  by  the  line  EF.  IfweBuppo|^| 
the  elasticity  of  the  steam  proportional  to  its  density,  as  18 
nearly  the  case  witli  air,  we  may  express  the  pressure  on  the 
piston  in  any  other  position,  such  as  KL  or  DC,  by  K  /  and 
D  c,  the  ordinates  of  a  rectangular  hyperboLi  F  U,  of  whi«h 
AE,  AB  are  the  assymptotes,  and  A  the  centre.  The*  ac- 
cumulated pressure  during  the  motion  of  the  piston  from  EF 
to  DC,  will  be  expressed  by  the  area  EF  c  DE,  and  the 
pressure  during  the  whole  motion  by  the  area  ABF  c  D  A. 

Now  it  is  well  known  that  the  area  EF  c  DE  is  eqnal 

to  ABFE  multiplied  by  the  hyperbolic  logarithm  of  -j^, 

ATI 
=  L.-^,  and  the  whole  area  ABF  c  DA  is  =  ABFE  X 

Thus  let  the  di.ameter  of  the  piston  be  24  incites,  and 
the  preuiire  of  the  atmo»pbere  on  a  isquare  incli  be  14 
IM)Hud«  J  the  pressure  on  the  piston  is  6533  pounds.     Let 
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he  whole  stroke  be  6  feet,  and  let  ihe  steani  be  stopped 
rbcn  the  pibton  has  descended  18  inche%  or  1.^  leet.   The 

lyperfaolic  logarithm  of  —  is  1.3862943.    Therefore  the 

nccumiiLLteJ  pressure  ADFe  DA  is  =  (1333X^2^68294% 
1^61 14  pounds. 
^^Pft  few  proie&sional  engineers  are  possessed  of  a  table  of 
hyperbolic  logarithms^  while  tables  of  common  logarithms 
arc,  or  should  be*  in  the  hands  of  every  person  who  is 
much  engaged  in  mechanical  calculations,  let  tlie  follow- 
ing method  be  practised.     Take  the  common  loj^aritbm  of 

AD 

•-p,  and  mulupJy  it  by  2.302G;  the  product  Is  the  hyper- 

AD 


bolic  logarithm  of 


AE 


The  accumulated  pressure  while  the  piston  moves  from 
AB  to  EF  is  C333  X  I ,  or  simply  'J333  pounds.  Therefore 
llie  steam  while  it  expands  into  the  whole  cylinder  adds  a 
prcsMire  of  d78l  pounds. 

Suppose  that  the  steam  had  got  free  admission  during 
like  whole  descent  of  the  piston,  the  accumulated  pressure 
would  hare  been  G333  X  4-,  or  25332  pounds. 

Here  Mr  Watt  observed  a  remarkable  result.  Tlie 
•team  expended  in  this  cose  would  have  been  four  times 
greater  than  when  it  was  t>toppcd  at  one-fourth,  and  yet  the 
accmnulated  pressure  is  not  twice  as  great,  being  nearly 
^five-thirds.  One-fourth  of  the  steam  performs  nearly  thre^ 
Jiftlis  of  tlie  work,  and  an  equal  quantity  pertbrnis  more 
llmo  twice  as  much  work  when  thus  admitted  duiiog  «pe* 
tburtii  of  the  motion. 

Thb  is  curious  and  important  information)  and  the 
axlvaouge  of  this  metliod  of  working  a  steam-engine  in- 
creases in  proportion  as  the  steam  is  sooner  stoppeil ;  but 
the  increase  is  not  great  after  the  steam  is  raretied  four 
limn.  The  curve  approaches  near  to  the  axis,  and  small 
additions  are  made  to  the  area.   The  expense  of  such  great 
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cylinders  is  considerable,  and  may  sometimes  compensate 
this  advantage.* 

Let  the  steam  be  stopped  at  Its  performaDce  is  suilfc* 

i 1-7 

J         .....        2-1 
i         .....        2.4 
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^  •         •         •         •         •  2*8 

i 3. 

I 3.2 


It  is  very  pleasing  to  observe  so  many  imlooked4bi 
advantages  resulting  from  an  improvement  made  with  Ae 
sole  view  of  lessening  the  waste  of  steam  by  oondeniatioBi 
While  this  purpose  is  gained,  wc  learn  how  to  bnsbtfil 
the  steam  which  is  not  thus  wasted.  The  engine  bjeoooMi  * 
more  manageablei  and  is  more  easily  adapted  to  efOy 
variation  in  its  task,  and  all  its  powers  are  more  eaajj 
computed. 

The  active  mind  of  its  ingenious  inventor  did  not  rtop 
here:  It  had  always  been  matter  of  regret  that  one-liairtf 
the  motion  was  unaccompanied  by  any  work.  It  was  a 
ver},'  obvious  thing  to  Mr  Watt,  that  as  the  steam  admittid 
above  the  piston  pressed  it  down,  so  steam  admitted  bdov 
the  piston  would  press  it  up  with  the  same  forces  providsd 
that  a  vacuum  were  made  on  its  upper  side.  This  ms 
easily  done,  by  connecting  the  lower  end  of  the  cylinder 
with  the  boiler  and  the  upper  end  with  the  condenaer. 

G3.  Description  of  Mr  flatfs  Steam-Engine  im  tls  wmt 
improved  State,  called  the  Double  £«giW.— Plate  III.  % 
ll.  is  a  representation  of  this  construction  exactly  copied 

*  "  All  the»^  ctilcu  »iioii<,  hotrcTer,  proceed  upoa  tbe  tuppotttion  tM 
tteam  coniracis  ni  cxiiuuJ*  bj  variation  q( prtnure,  in  Ibt  •»»"«  rmtJQlttil 
air  would  do.'*     W. 
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from  Mr  \Vatl'»  figure  accompnnying  his  specification. 
Here  BB  is  a  section  of  the  cylliKlcr,  surroundetl  at  a  small 
iil«t3DCC  by  the  &teani-c:iBc  1111.  'i'lie  sc-ciioii  o1  tlic  pi-^toD 
A,  and  the  collar  which  embraces  ihe  piaton-roil,  gives  a 
distinct  notion  of  lia  construction,  of  the  manner  in  which 
it  is  connected  with  the  piston-ro(],  and  how  ihc  packing 
of  ibe  piston  and  collar  contributes  to  make  all  light. 

From  the  top  of  the  cylinder  proceeds  the  horizontal 
pipe.  Above  the  letter  J)  is  observed  the  seat  of  llie  steam- 
'alve,  communicating  with  the  bux  above  iu     In  the  mid- 
die  of  this  may  be  observed  a  dark-shadeil  circle.    This  is 
Ihe  mouth  of  the  upper  branch  of  tlie  steam-pipe  coming 
^om  the  boUcr.    Beyond  D,  below  the  better  N,  in  llie  seat 
of  the  upper  condcnsing-valve.   The  bottom  of  the  cylinder 
Is  made  spherical,  fitting  the  piston,  so  that  they  may  come 
J>e«rly  into  entire  contact.  Another  horizontal  pipe  proceeds 
ihmi  this  bottom.    Above  the  letter  E  is  the  seat  of  the  lower 
stcam-valve,  opening  into  the  valve-box.  Thi^  box  is  at  the 
extremity  of  another  steam-pipe  marked  C,  which  branches 
off  from  the  upper  horizontal  part,  and  descendb  obliquely* 
coming  forward  to  the  eye.    (Sec  the  front  view,  Plate  III. 
fig.  12.)    The  lower  part  is  represented  as  cut  open,  to 
ihew  its  interior  conformation.     Beyond  this  steam-valve, 
tfid  below  the  letter  F,  may  be  observed  the  seal  of  the 
lower  condensing-valve.      A  pipe  descends  from  hence, 
and  nt  n  small  distance  below  unites  with  another  pipe 
GG,  which  comes  down  from  the  upper  condensing  valve 
N.     These  two  eduction-pipes  thus  united  go  downwards, 
and  open  at  L  into  a  rectangular  box,  of  which  the  end 
ii  seefi  at  L.    This  box  goes  backward  from  the  eye,  and 
at  its  fartlier  extremity  communicates  with  the  air-pump 
K,  whose  piston  is  here  rcjjrcscnted  in  section  with  its 
butterfly  valves.    The  piston  delivers  the  water  and  air  la- 
terally into  another  rectangular  box    M,    darkly  shaded, 
whicli  box  communicates  with  the  pump  I.    The  piston- 
rod*  of  this  and  of  the  air*pump  are  suspended  Uy  chains 
bom  a  small  arch-head  oti   the  inner  arm  of  the  great 
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1)cam.  The  lower  part  oflhc  cductlou-pipc,  the  horizonttl 

l)ox  L».  the  air-pump  K,  with  the  communicating  box  M 

between  it  and  the  pump  I,  are  a1!  immersed  in  the  cM 

water  of  the  condensing  cistern.    The  box  L  is  madeflitt 

broad)  and  shallow,  in  order  to  increase  its  sur&ce  and 

accelerate  the  condensation*     But  that  Uiis  may  be  pe^ 

\       formed  with  the  greatest  expedition,  a  small  pipe  H,  open 

<.  below  (but  occasionally  stopped  by  a  plug-valve,)  is  insetted 

laterally  into  the  eduction-pipe  G,  and  then  divides  int» 

two  brandies,  one  of  which  reaches  within  a  foot  or  two  of 

the  upper  valve  N,  and  the  other  approaches  aa  near  to  the 

:    valve  F. 

As  it  is  intended  by  this  construction  to  give  the  piitatt 
a  strong  impulse  ia  l>oth  directions,  it  will  not  be  proper 
to  suspend  its  rod  by  a  chain  from  the  grea j,  beam ;  fbr^it 
must  not  only  pull  down  that  end  of  tlie  be^in,  bat «]» 
«  push  it  upwards.    It  may  indeed  be  suspended  by  donfajb 

chains,  like  tlic  pistons  of  the  engines  for  eztingaisluii^ 
fires ;  and  Mr  Walt  has  accordingly  done  so^  in  some  rf 
his  engines.  But  in  his  drawing,  from  whiqh  this  figure  is 
copied,  he  has  communicated  the  force  of  the  piston  to  ths 
beam  by  means  of  a  toothed  rack  60,  which  engages  or 
irorks  in  tlic  toothed  sector  QQ  on  the  end  of  the  beanu 
The  reader  will  understand,  without  any  &rther  explana- 
tion, how  the  impulse  given  to  the  piston  in  either  direction 
is  thus  transmitted  to  the  beam  without  diiQinuticm.*  The 
fiy  XX,  with  its  pinion  Y,  which  ako  works  in  the  toothed 
arch  QQ,  may  be  supposed  to  be  removed  for  the  present, 
and  will  be  considered  afterwards. 

We  shall  take  the  present  opportunity  of  describing  Mr 
Watt's  method  of  communicating  the  force  of  the  steam* 
engine  to  any  machine  of  the  rotatory  kind.    VV  repne- 


*  " T!ic-e  rsrks  and'sectoTs  were  rerj  soon  laid  aiide,  and  a bettci  i 
called  the  parUJcI  motioi  (liereiDiiicr  detcribed)  employed  iaitead  of  iheo." 
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«ents  the  rim  and  arms  of  a  very  large  and  heavy  metalline 

fly.    On  its  axis  is  the  concentric-toothed  wheel  U.  There 

it  attached  to  the  end  of  the  great  beam  a  strong  and  stiff 

rod  TT,  to  the  lower  end  of  which  a  toothed  wheel  W  is 

firmly  fixed  by  two  bolts,  so  that  it  cannot  turn  round. 

Thu  wheel  i&  of  the  same  size  and  In  the  same  vertical 

plane  witlk  the  wheel  U;  and  an  iron  link  or  strap  (wliich 

OBonot  be  seen  here,  because  it  is  on  the  other  side  of  the 

two  wheels)  connects  the  centres  of  the  two  wheels,  so  that 

ihe  CDC  cannot  quit  the  other.    The  engioc  being  in  the 

posiliou  represciitcd  in  the  figure^  suppose  the  i\y  to  be 

I  turned  <mce  round  by  any  external  force  in  the  direciloa 

\  of  the  darts.     It  is  plain,  that  since  the  tootled  wheels 

cannot  quit  each  other,  being  kept  together  by  the  Iink» 

tb«  inner  half  (that  is*  the  half  next  the  cylinder)  of  the 

[  wheel  U  will  work  on  the  inner  half  of  the  wheel  W,  so 

j^^  at  the  end  of  the  revolution  of  tlie  lly  the  wheel  W 

^^pt  have  got  to  tlie  top  of  the  wheel  U,  and  the  outer 

^^B  of  the  beam  must  be  raised  to  its  highest  position.  The 

^Ku  revolution  of  the  fly  will  bring  the  wheel  W  and  the 

beam  connected  with  it  to  their  first  positions ;  and  thus 

two  revolutions  of  tlie  fly  will  make  a  complete  period 

;;i*s  reciprticating  movements.     Now,  instead  of 

lie  ily  Xo  <!rivc  the  beam,  let  the  beam  drive  the 

The  motions  must  be  j)erf?clly  the  same,  and  the 

t  or  descent  of  tlie  piston  will  produce  one  revolution 

c  Hy.» 


ft  h  pTDpor  here  to  give  llie  hUtvry  of  Uiis  ijiveoUQa.     1  lud  ttry 

>  iniiid  to  fite  ptoducin^  cuutiuueJ  motions  round  aa  sxi).  uid 

Irjr  reference   to  ttjy  6r»t   spccilicalioii,  lU  ITG%  t)>at  I  lUcfO 

ibfrd  a  aiewu^lieal*  iiiove^  by  llie  iorcc  •!'  iLeftiii  acling  ia  a  circol*' 

it}  ngftinst  a  vbItc  un  uue  tiUcj  And  vgaiii^t «  column  ot  vmcarj  vc  some 

fluiti  meiil  utt  liic  other  liJe.  This  wm  eiecated  upon  b  tcale  of  about 

Ice  *(  Solju,  ftud  wurkrU  rcj>catcdly«  but  mii>  given  up>  iukto* 

objeruoits  wecc  fuuitd  to  u|>cr«te  «^ttiusl  ii.     Similar  objections 

oUier  rviAtivc  cngine->  wUicU  had  hctn  cofttiivcd  by  mjT'elf  •(>** 

well  at  to  iLc  cngiuci  piotlmiiig  roUiorjr  moUyu*  bj  uic«»»  ot 
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A  front  view  of  (bis  double  engine  is  given  in  fig.  18. 
marked  by  the  same  letters  of  reference.    This  shows  the 


ratctiet-wheeU,  mentioned  §  47*  Having  made  my  reciprocating 
very  regular  in  their  movements,  1  considered  how  to  produce  rotative  i 
tiois  from  them  mi  the  best  manner  ;  :ind  amongtt  varioui  tchemet 
were  subjecied  to  trial,  or  which  passed  through  my  tiund,  none  appear  -dm 
likely  to  answer  the  purpofie  as  the  application  of  the  crank  in  the  manner  of 
the  comniou  turninf^  lathe,  (au  invention  of  great  merit,  of  which  da 
humble  iuvcncor,  and  even  its  .Tra,  are  unknown).     But,  as  the  rotative 
motion  is  produced  in  that  machine  by  the  impulse  given  :o  the  crank  ia 
tlw  descent  of  the  foot  only,  and  behoves  to  be  continued  in  ita  ascent  bf 
themumciwum  of  the  wiiccl  wJuchacts  as  a  fly,  and  bang  unwilting  to  kid 
my  '.nj;inc-  wiih  a  fly  heavy  enouj^h  to  continue  the  motion  during  the 
::icpnt  of  t'.e  pibton,  (2nd  even  were  a  counter-weight  employed  to  act 
during  Uut  ascent,  of  a  fly  heavy  enough  to  equalize  the  motion),  I  pfD>' 
puscd  to  ftbploy  two  engines  acting  upon  two  cranks  fixed  on  the  same  aiii 
at  Ail  aiigie  of  1  ';o  dc,"^!  ccs  to  one  another,  and  a  weight  placed  upon  de 
circumference  of  tiie  fly  at  the  same  angle  to  each  of  the  cranks,  by  which 
nicans  tr.e  motion  mioht  be  rendered  nearly  equal,  and  a  very  light  ftf 
would  only  be  rci^uiMte.    This  had  occurred  to  me  very  early,  but  my*- 
tent'ou  being  fully  L'.nploycd  in  mi>.k,mg  and  erecting  engines  for  raasing 
wa.er,  it  remained  in  pett»t  until  about  the  year  1778  or  9,  when  Mr  Was- 
brr-u^h  erected  one  of  Wis  ratchet-wheel  engines  at  Birminghanit  the  fre« 
quf...  break^ge^  and  irregularities  of  wiiich  recalled  the  subject  tomymmd, 
and  [  proceitJfd  to  m^ke  a  model  of  my  method,  which  answered  my  eapcc- 
tatiuns ;  but  Iiavinjj  ncglccLcd  :o  take  out  a  patent,  the  invention  waa  com* 
niuiiicatcd  by  a  wi  rkmitn  cno'.oved  to  make  the  model  to  some  of  the  peo- 
ple sbout  Mr  W'ai>brougli  9  engine,  and  a  patent  was  taken  out  by  theok 
for  the  appUciiion  0/  ihc  crank  to  steam-engines.     Tins  fact  the  said  vrark* 
m^n  confessed,  f.nd  ilit  cu>;incer  who  dlrecfed  the  works  acknowledged  h, 
hut  said,  ncvcrti!cic^,&,  the  same  idea  had  occurred  to  him  prior  to  his  hearfaif 
of  uiiiui,  .nd  tbat  ;ic  hac  even  made  a  model  of  it  before  that  time,  wfaidk 
II':;,;'  :  be  a  ..ict,  as  ihe  aujilicalion  10  a  single  crank  was  sufficiently  obvioua. 
In  -i:eie  ci.c:i.N;-  .ii.ces  1  thought  it  better  to  endeavour  to  accomplish  the 
saiT.r  end  by  t;;;icr  meiins,  rlian  to  enter  into  litigatifm,  and,  if  succewful,  by 
<icn!i'I:Mi;.^g  ihe  paieu  ,  to  lay  the  matter  open  to  every  body.    Accord- 
in:^.;  ,  in  I "  .  ( ,  1  inv'.n.eJ  nv-d  took  out  a  pat  nl  fo  several  methods  of  pnv 
Uu- in;;  roi-iiive  mvVtotis  fri'm  reciprocating  onei*,  amongst  which  wai  the 
n'.c.iiiiil  oi'  L-iL-  ■  n  md  planet  whctls  described  in  the  text. 

*-'  '1  h.'u  cnii:riv,-.nce  whs  itppiiid  t<i  many  engines,  and  possesses  the  gnat 
adv  i'li^-^e  of  <;)V!ng  a  double  velocity  to  the  fly ;  but  is  perhaps  more  anb- 
j  cci  to  MLut , iiid  to  be  bioken  under  great  strains,  than  the  crank,  which  is 
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iltantlon  ofpnrts  which  were  fore-shi 
Uc'ularly  the  descendtng  branch  C  of  the  sleaai-pipet  and 
thf  situation  and  communictttions  of  the  two  pumps  K  and 
J,  Bf  8  is  the  horizontal  part  of  the  steam-pipe.  0  is  a 
f — '  --f  it,  whose  box  is  represented  by  the  dark  circle  o* 
D  is  iliC  box  of  the  steam-clack;  and  the  little 
circle  at  its  corner  represents  the  end  of  the  axis  which 
turns  it,  as  wil!  he  described  afterwards.  N  is  the  place  of 
the  upper  cduclion^valvc,  A  part  only  of  the  upper  cduc- 
tion-pipe  G  is  represented,  the  rest  being  cut  ofl',  because 
it  would  have  covered  the  descending  steam-pipe  CC.  When 
continued  down,  it  comes  between  the  eye  and  the  box  E 
of  the  lower  stcam-yalvc,  and  the  box  F  of  the  lower  educ- 
dph-valve. 

'*  Let  us  now  trace  tlie  operation  of  this  machine  through 
all  its  steps.  Recurring  to  fig.  tl.  let  u^  suppose  that  the 
lower  part  of  the  cylinder  BB  is  exhausted  of  ail  clastic 
fluids;  that  the  upper  steum-v  Ivc  D  and  the  lower  cduc- 
tion-ralve  F  are  open,  and  that  the  lower  steamvalve  E 
and  upper  eduction-valve  N  are  shut.  It  is  evident  that 
the  piston  must  be  pressed  toward  the  bottom  of  the  cylin- 
dtTf  and  must  pull  down  the  end  o(^  llie  working-beam  by 
tOeans  of  the  toothed  rack  OO  and  sector  QQ,  causing  the 
other  end  of  the  beam  to  urge  forward  the  machinery  with 
which  it  is  connected.  When  the  piston  arrives  at  the 
bdtlom  of  the  cylindofi  the  valves  D  and  F  are  shut  by  the 
plug-frame,  and  E  and  N  are  opened.  By  this  lust  passage 
the  steam  gets  into  the  eduction-pipe,  where  it  meets  with 
the  injection  water,  and  is  rapidly  condenscil.    The  sitam 


commocily  used,  althoujfh  it  requires  a  fly-wheel  of  four  lime«  the 
^M^a,  if  fixed  upon  the  first  ati».  My  application  of  t!ie  double  engine 
10  ihetc  rotative  roachiaet  rendered  unnecessary  the  counter  weight,  and 
produced  a  more  regular  motion  ;  to  that,  in  omhi  «/  our  jrtfut  maHi*f«ei«ria, 
ik£»t  rmgifiet  mm  tuppi^  the  pUce  of  voter,  uitmlf  and  hoTi»  mtUt ;  **»fi  i«»- 

^  €mriyi^  (A«  wotk  to  the  pimcr^  ine prime  ggtnt  it  ptutd  irArrrptr  it 

'  CW»t«i<Vtf  W  th<  monfi/acUrcr."     \Y- 
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from  tlic  boiler  eutors  at  llie  same  timo  by  E»  and  prcfisic^ 
on  the  lower  side  of  the  piston,  forcc«  it  upvrardsy  and  tijr 
means  of  the  toothed  rack  00  and  toothed  sector  QQ 
forces  up  that  end  of  the  i^orking  beam,  and  causes  iJie 
other  end  to  urge  forward  thv  muchincr}'  uitli  nhich  it  Is 
connected:  and  in  tins  manner  the  operation  of  the  ongino 
may  be  continued  for  ever. 

The  injection  water  is  continually  running  into  the  educ* 
tion-pipe,  because  condenbation  is  continually  going  on, 
and  therefore  there  is  a  continual  atmospheric  pressure  to 
produce  n  jet.  The  air  wlach  is  disengaged  from  the  watery 
or  enters  by  leaks,  is  evacuated  only  during  Uie  rise  of  the 
pistun  of  the  air-pump  K. 

It  is  evident  that  this  form  of  the  engine,  by  iDalntaiih 
^ng  an  almost  constant  and  uninterrupted  impuliiioD,  \» 
much  fitter  for  driving  any  machinery  of  continued  motion 
than  any  of  tJic  former  engines,  which  were  inactive  during 
half  of  their  motion.  It  does  not,  however,  seem  to  haw 
this  superiority  when  employed  to  draw  water ;  but  it  is 
also  fitted  for  this  task.  Let  the  engine  be  loaded  ^th 
twice  OS  much  as  would  be  proper  for  it  if  a  single-stroke 
engine,  and  let  a  fly  be  connectetl  with  it.  Then  U  is 
plain  that  the  power  of  the  engine  during  the  rise  of  llic 
steam-piston  will  be  accumulated  in  the  fly;  and  this,  in 
conjunction  with  the  power  of  the  engine  during  the  descent 
of  the  steam-piston^  will  be  equal  to  tlie  whole  load  of 
water.* 


***The  engnTin;  here  rerefred  to  is  copied  from  \Ue  drawing  of  tbs 
double  engine  in  ttie  sbove  pBleui  »(  178?*  Bud  is  thatof  an  etperifOfiilK] 
|inc,  DO  others  hiving  crer  been  made  exactly  <iimilar.  I  h;iTr  now  bAAcA 
cngrftvingt  nf  one  or  ib«  Albioo-MUl  engUies,  brin^  uno  ot  the  earlinl  doullt 
r-ngincs  erected  for  uilc^  I  do  not  cxactlj  recollect  (be  dale  ot  tlielntcofic 
of  the  double  ciipine,  but  •  drawtugorit  it  itill  in  m>  po*«eiiti>o,  wliirh  « 
|*rt>duced  jn  the  House  of  Coinmoru  wbeo  I  wa*  wlicitlng  the  av(  uf 
ment  for  tlic  proloagaiiuQ  of  rnv  (laient  in  1774-5.  Ilaving  cucuootar«4 
nJDfh  difficulty  ill  tcdctuHg  olhcrs  ihc  comtrucliuii  and  u«e  of  Uio  single  n^ 
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speaking  of  the  steam  and  educlion-Tafves,  we  %&ld 
tliflt  iJiey  were  all  puppet-valves.  Mr  Watt  at  first  craploy- 


gtne,  and  io  overcoming  prcjudicei,  I  proceeded  nofjirther  in  ital  thai  liroe. 
Dof  until.  fifrdtDj;  ta^«eJl  itttel  with  an  lioctof  t>U','tanc*and  pirates  in  tfOt,  1 
thonght  it  pruper  Co  tnMrt  it«  aod  »omc  oilier  Uitog*,  In  llM  paten*  «buve- 
tncsttooeiz* 

*'  Tbe  nimtioD  of  the  Albioo  milli  indocea  me  to  m^  ■  few  words  r«;>ecl- 
in(*«a««t»blHlinient  fo  unjutly  ealaniaUccd  la  kli  iAmj,  and  the  prematnre 
4«CraGD«a  of  wtucJi  b;  fire,  in  ITVl.  «u  not  ittj|>tobably  imputed  to  design. 
So  far  fpooi  being,  u  uitsrcpreieulcd.  a  tuunopol^  tn|urious  to  tlte  public,  it 
waa  the  meani  of  conwderab)^  rcclacing  the  price  ol  flour  while  it  continued 
aC  work, 

"  It  contiKed  of  two  englntf,  e«ch  of  &/tj  horaea  power,  and  tO  pain  of 
nullatonea,  of  which  twelve  oi  more  pain,  with  the  reqaiaite  macbitictf  for 
dreuiag  the  flour  oad  for  uther  purposes,  were  general];;  kepi  at  work.  lu 
place  of  WDodrn  whcclii,  alway*  igbject  to  frequent  d^nngenicnt,  vbeelj  of 
csstMron,  with  ibe  teeth  truly  formed  aad  finiihed,  and  prupcrly  pi(ipurii»n* 
«d  TO  Ibe  imatk,  were  hne  employed,  and  other  machinery,  which  a»ed  Io  Im 
Bia4«  of  wood,  wmi  made  of  cast-iron,  in  improved  fomis  ;  and  {  believe  the 
work  eiecDicd  here  may  be  t«id  to  form  the  coouQenceraent  of  that  »ytlcu 
«f  miU*work  which  has  prored  %o  uteful  to  this  country. 

"  In  the  CDoatroction  of  that  mill-work  and  machiDcry,  Bonlton  ind  Watt 
difivid  moat  valuable  aatiitance  from  that  able  mecbaaician  atid  engineer, 
SCr  Jobu  Rennic,  then  Joit  entering  into  basiiieu,  who  as  listed  in  ^jUaoing 
thcmjaod  under  whose  direction  tfacy  were  executed. 

"Tbo  cnglDcs  and  null-work  were  contained  in  a  comnodioiis  and  elegant 
btfMtatS.  designed  and  ciecoled  onder  the  directiou  of  the  late  Mr  Samuel 
Wyail,  aichitecu 

"  Thoagh  Uie  doable  cngtan  have  been  principal!/  applied  Co  rotative 
aotJOQi,  yet  where  mines  are  very  deep,  (hey  are  advantageously  applied  to 
tko  woffcjng  of  pumps  by  a  reciprocating  motion;  one  set  or  half  of  tho 
p«»p»rod9  being  luspended  by  toeaos  of  a  sloping  rod  frott  the  workiDg-bcam 
o«»f  the  cylinder,  and  the  other  half  of  these  rods  being  »uapeoded  directlj 
lf»a  ii»e  eoter  end  of  that  beam,  so  that  the  ascending  motion  of  the  putoo 
pmth  «p  «■»  balf  of  ibeic  rods,  and  works  ihv  pumps  belonging  to  ihciu,  and 
Uto  drtccoding  mutiua  of  the  pisloa  pulls  up  the  olbcf  balf  of  the  rods,  aod 
works  their  pomps, 

"  -  of  this  construction  was  erected  at  Wheal  Maid  Mmr,  io 

Or  .  year  17117,  or  beginning  of  17B8,  having  a  cylinder  of  »i»ty- 

tlirr*  luclica  liiamdcr,  and  oiua  feet  stroke  ;  but  the  itroke  in  tha  ptmpt, 
wbxki  were  cigiitecn  tnclie»  diauiclcr,  was  only  Kven  fcrt. 

*•  TWa  engine,  which  at  the  line  it  mm  made*  wm  the  iiw»t  powerful  in  the 
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ed  cocks,  and  also  sliding-valvcs,  such  as  the  r^;alator  or 
stcom-Talvcs  in  the  old  onsrines.  But  he  found  them  tdwBju 
lose  their  tightness  after  a  »hort  time.  This  is  not  surpri- 
sing, when  we  consider  that  they  are  always  perfectly  dry, 
and  very  hot.  Pie  was  therefore  obliged  to  change  them  aU 
for  the  puppet-clucks,  wliich,  wheu  truly  ground  and  nicely 
fitted  in  their  motions  at  firsts  are  not  found  to  go  soon 
out  of  order.  Other  engineers  now  universally  use  them  ia 
the  o]3  form  of  the  stenm-engine,  without  the  same  reaidH^ , 
aag  iqerely  by  servile  and  ignorant  imitation. 
^'^l^fne  way  in  which  Mr  Watt  opens  and  shuts  these  valves 
ii  as  follows.  Fig.  1  .^  represents  a  clack  with  its  seat  ai|d 
box.  Suppose  it  one  of  the  cduclion-valvcs.  Hrl  ia  part 
of  tl^e  pipe  which  introduces  the  steam,  and  GGis  the  up* 
per  p&'rt  of  the  pipe  which  communicates  with  the  conden- 

.  "ter.^  J^tTIE  may  be  observed  a  piece  more  deeply  shaded 
4l|iQitl^»9un»}uuding  parts.  This  is  the  seat  of  the  valve^ 
'and  is  a  brass  or  bell-metal  ring  tumcdconical  oh  the  out- 
side^ BO  as  to  fit  exactly  into  a  conical  part  bf  the'pipe  GG* 
Xh^.two  pieces  are  fitted  by  grinJing;   and  the  cone 

'^'^WMg/Of  a:Lo«igr  taper,  the  ring  slicks  firmly  in  it,  especially 
tif^r  having  been  there  for  some  time  and  united  by  msL 
The^ckck  itself  is  a  strong  brass  plate  D,  turned  conical  oa 
4.<s.j^lg.?>  ^.4a.tp.fit  the  conical  or  sloping  inner  edge  of 
the  seat.  These  are  very  nicely  ground  on  each  other  with 
emipry.*  'This  conical  joining  is  much  more  obtuse  than  the 

•^  ^^^  s'^^e  of  the  ring ;  so  that  although  the  joint  is  air- 
tiglu,  tlie  two  pieces  do  not  stick  strongly  together.  The 
cladk  has  a  round  tail  DL,  which  is  freely  moveable  up  and 


*f. 


wortd,  wotkerfremaikallly  well,' though,  like  manj  otliers  in  Cornwall,  U  wm 

lo.i(!L'(WiiU  afi.i^EioriQiiul^  ^^tiglit  ofdry  pump-iods.  ..  ' 

'**  ^^^^^l  cLM'^v'M.Iiph  i(  has  not  been  corivcnicrit  to  divide  the  pnmp-rodt 

^MjTiyp-iy^cfiidii^  molidn  pf  the  piston  hiu  Wcii  einploveil  to  nisc 

jijjf-'^^  ''^  '  . '  .U--^4nt-|inirtIie  coinmn  o'f  water  in  the  ptioips,  which  waigfat 

.111  .  i  irrc  {?ii«i^  of  Hie  engine  in  the  descending  Btrokc  of  the  pit- 

iHtf^Biififf  jiiniidfl  is'i>r«fi?iiWa,  whereVfcVit Wn  be-'idopted."  W. 


STEAM'ENGXNK. 


inilie  hole  ofi 


FF.     On  the 


side 


cross  piece  r  r-  un  me  upper 
of  the  valfe  is  a  strong  piece  of  metal  DC,  firmly  joinetl  to 
it,  one  side  of  which  is  formed  into  a  toothed  rack.  A  is 
the  section  of  nn  iron  axle  which  turos  in  holes  in  the  op- 
posite iides  of  the  vnlvc-box,  where  it  is  nicely  fitted  by 
grinding,  so  as  to  be  air-tight.  One  end  of  this  axis  pro- 
jects agoo<i  way  without  the  box,  and  carries  a  «panner  or 
handie,  which  is  moved  by  the  plug  frame.  To  this  axis  is 
fixed  A  strong  piece  of  metal  B,  the  edge  of  whicli  is  form- 
ed iuio  an  arch  of  a  circle  having  the  axis  A  in  its  centre, 
and  is  cut  into  teeth,  whicli  work  in  the  teeth  of  the  rack 
DC.     K  is  a  cover  which  is  fixed  by  screws  to  the  top  of 

Etbe  box  HJJH,  and  may  be  taken  off  in  order  to  get  at  the 
▼ake  when  il  necda  repairs. 
Fi-om  this  description  it  is  easy  to  see,  that  by  turning 
the  handle  which  is  on  the  axis  A,  the  sector  B  must  lift 
up  the  valve  by  means  of  its  toothed  rack  DC,  till  the  up- 
per end  of  ihe  rack  touch  the  knob  or  button  K.    Turning 
the  handle  in  the  opposite  direction  brings  the  valve  down 
Bg^ln  to  its  seat. 
This  valve  is  extremely  light.     But  in  order  to  open  it 
for  the  passage  of  the  steam,  we  must  exert  a  force  equal  to 
tlie  pressure  of  the  atmosphere.   This,  in  a  large  engine,  is 
a  very  great  wcigiit.     A  valve  of  six  inches  diameter  sus;- 
talus  a  pressure  not  less  than  400  pounds.     But  this  force  . 
is  quite  momentary,  and  hardly  impedes  the  motion  of  the 
engine;  for  the  instant  the  valve  is  detached  from  its  seat, 
and  hat  moved  through  a  very  small  sjtace,'  ilu  great  force  of 
the  pretaure  is  over.    Even  this  little  inconvenience  has  been 
removed  by  a  thought  of  Mr^  Watt.    He  has  put  the  span- 
ner in  such  a  position  when  it  begins  to  raise  the  vulve,  that ' 
its  mechanical  energy  is  almost  infinitely  great.     Let  QU 
{fig*  14.)  be  part  of  the  plug-frame  descending,  and  P  one  ; 
^ot"  its  pins  just  going  to  lay  hold  of  the  spanner  NO,  movc- 
^Htele  rotrad  (he  axis  Nl     On  the  sadie  axis  is  another  arm 
^■niy  coxmectcd  by  a  jdint  irith  the  leader  ML,  which  is 
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connected  also  by  a  joint  with  the  spanner  LA  that  it  .4m: 
the  axis  A  of  the  sector  within  the  valve-box.  Therefore^ 
when  the  pin  P  pushes  down  the  spanner  NO,  the  arm 
NM  moves  sidewise  and  pulls  down  the  spanner  AL  l^- 
means  of  the  connecting  rod.  Tilings  are  so  disposed,  that 
when  the  cock  is  shut,  LM  and  MN  are  in  one  strait, 
line.  The  intelligent  mechanic  will  perceive  that,  in  thn 
position,  the  force  of  the  lever  ONM  is  insuperable.  It  has 
this  further  advantage,  that  if  any  thing  should  tend  to 
force  open  the  valve,  it  would  be  inefTectual ;  for  no  force 
exerted  at  A,  and  transmitted  by  the  rod  LM,  can  possibly 
push  the  joint  M  out  of  its  position.  Of  sucli  importance 
is  it  to  practical  nieclmnics,  that  its  professors  should  be. 
persons  of  penetration  as  well  as  knowledge.'  Yet  this  dx- 
cumstance  is  unheeded  by  hundreds  who  have  servildj 
copied  from  Mr  Watt,  as  may  be  seen  iu  every  engine  thai 
is  puffed  on  the  public  as  a  discovery  and  an  improvement.. 
When  these  puppet-valves  have  been  introduced  into  the. 
common  engine,  we  have  not  seen  one  instance  wlierc  this 
has  been  attended  to ;  certainly  because  its  utility  has  not 
been  observed.*  (See  also  the  description  of  the  working 
gear  of  the  Albion-mill  engines,  and  IMate  VI.) 


•  **  This  was  the  construction  of  ihc  regulator  boxes  or  nozles  which  wa$ 
generally  employed  by  Boulton  and  Watt  about  the  time  when  thU  etsay 
was  written ;  but  upon  the  introduction  of  the  double  engines,  it  was  some- 
what ciianged,  the  regulator  or  valve,  which  admitted  the  steam  to  the 
cylinder,  was  placed  directly  over  the  cxlwustion- valve,  which  admitted 
the  &team  to  the  condenser,  as  may  be  seen  in  the  drawing  of  one  of  the 
Albion-Mill  engines,  represented  in  Plate  B. 

"  At  a  later  period,  my  friend  Mr  Murdock  contrived  another  amage- 
roent,  which  is  now  generally  followed  in  steam-engines  applied  to  the 
working  pumps,  or  other  reciprocating  motions :  The  regulating-valves  are 
placed  one  over  another,  as  h:is  just  been  mentioned ;  the  stems  of  the  steam- 
regulators  are  hollow  cvlinders,  tlirough  wlilch,  and  a  collar  of  honp,  the 
stems  of  the  exhaustion- valves  pass  upwards  air-tight,  and  these  h»Ilo\r 
ttems  of  the  steam-regulators  also  pass  through  studing-boxcsi  in  the  covers 
of  the  regulator  boxes.    In  this  arru^gcment  the  regulators  or  valves  are 


STEAM-EKGINE. 


141 


Wc  postponed  an}'  account  of  the  office  of  the  fly  XX 
(fig.  I !.)»  fl»  J'  ^5  "^t  ^^  "^^  '"  ^"  engine  r^iilated  by  die 

VV-    The  fly  XX  is  only  for  rcg:ulating  die  recipro- 

log  fbotion  of  the  beam  when  the  &teani  is  nut  admittod 
during  the  whole  descent  of  the  piston.  Thia  it  evidendy 
jnuht  reoder  more  unifonn,  accumulating  a  momentum 
equal  to  the  whole  pressure  of  the  full  supply  of  steain>  and 
then  sharing  it  with  die  beam  during  the  rest  of  the  descent 
of  tlic  piston.f 

69.  When  a  person  properly  skillefl  in  mechanics  and  che- 
mistry reviews  these  difierent  forms  of  Mr  Watt's  steam- 
engine,  he  will  easily  perceive  them  susceptible  of  many 
intermediate  forms,  in  which  any  one  or  more  of  the  di»- 
tinguuhing  improvemooLs  may  be  employed.  The  first 
great  improvement  was  the  condensation  in  a  separate 
veascL  This  increased  the  original  powers  of  the  engine, 
giving  to  the  atmospheric  pressure  and  to  the  counter- 
weight their  full  energy ;  at  the  same  time  the  waste  of 
steam  is  greatly  diminished.  Tiic  next  improvement,  by 
employing  the  pressure  of  the  steam  instead  ofthal  of  tlic  at- 
mosphere, aimed  not  only  at  h  still  furtlier  diminuliuu  of 
the  waste;  but  was  also  fertile  in  advantages,  rendering 


aod  drpmted  by  meata  of  iruchiaery  fixed  U{)on  the  outside  (ia 
of  tJiat  defcribcd  in  the  ia«ide),  auc!  ire  preferable  from  tbcii  beui{ 
easily  aci:e»ublc  iu  case  of  titmngemcnt. 
*•  Mr  Murdock  has  alao  contri\*cd  an  excellent  slidiog  valve  for  the  admii- 
ana  ofvleam  into,  and  its  exit  frtmi.  the  cylinder  (now  very  generally  tued, 
IHidk  tome  impruvcmcntf,  by  Boulton,  Watt,  awl  Co.  in  their  rotative  en- 
Suio),  for  vrblcbi  along  witli  several  other  articles,  he  obtained  lii»  nujc«- 
ty*f  pAienr  in  I7J*9,  (the  tpecilicatiun  of  wliich  ha  been  publlbhcd  in  the 
Repertnry  of  Arti,  vol.iiii.)  To  the  ingenoity  of  Mr  Murdock  arc  also  doc 
many  improvements  in  tlit  manufacture  of  the  engine*,  and  in  the  machincf 
MnA  looU  uKd  I'ur  that  purpose.** 

f  ••  Thi*  hxi  been  Jound  to  be  unnccesftary ;  for  even  in  pumpiny 
•npnet,  (he  mumcnrum  of  the  greai  beam  purop-rodi,  water,  Ac.  is  found 
to  iiT-     '       '^   '  n  for  the  inequality  of  the  mokCi  «ud  fa»  tQl*' 
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the  machine  more  manageable,  and  pariicwlarly  enabling  u$ 
at  all  times,  anil  without  trou)ilc«  to  suit  the  power  of  the 
engine  to  it*  loud  of  work,  however  variable  and  incrcsifing^; 
and  brought  into  view  a  very  intereatinf;;  proposirian  in  the 
mechanical  theory  of  the  cnirinc,  viz.  that  the  ivhole  per- 
Ibrcnance  of  a  given  quantity  of  steam  may  be  auQmcitted 
by  admitting  it  into  tlie  c^'Iindcr  only  during  a  part  of  the 
piston's  motion.  Mr  Watt  has  varied  the  application  of 
this  proposition  in  many  ways  ;  and  there  is  nothing  about 
the  machine  which  gives  more  employment  to  the  stigactty 
•nnt' judgment  of  the  engineer.  The  third  improvement  of 
the  double  impulse  may  be  considered  as  the  finishing 
touch  given  to  the  engine,  and  renders  it  as  uniform  in  its 
acUon  as  any  water-wheel.  In  the  engine  in  its  most  per- 
fect form  there  does  not  seem  to  be  above  one-fourth  of 
•the  steam  wustcd ;  so  that  iV  is  ttot  possibie  to  make  it  one- 
fourth  part  more  powerful  than  it  is  at  present. 

70.  The  only  thing  that  seems  susceptible  of  consider- 
able improvement  is  the  great  beam.  The  enormous  strains 
•«xeried  on  its  arms  require  a  proportional  strength.    This 
uires  a  vast  mass  of  matter,  not  less  indeed  in  an  engine 
'I'vnth  a  cylinder  of  54  inches  thiin  three  tons  and  a  half, 
moving  wiih  the  velocity  of  three  feet  in  a  second,  which 
must  be  communicated  in  about  half  a  second.    This  mass 
must  be  brought  into  motion  from  a  state  of  rest,  muai^ 
again  be  brought  to  rest,  again  into  motion,  and  again 
.fest,  to  complete  the  period  of  a  stroke.    This  consumes 
luch  powtr;  and  Mr  Watt  has  not  been  able  to  load  an 
*«ngine  with  more  than  10  or  11  pounds  on  the  inch  and 
ireserve  a  siifTicient  quantity  of  motion^  so  as  to  make  Ifi 
}T  15  8-feet  strokes  in  a  minute** 


■  •  "  Tkere.is  no  loi»  of  povrer  except  ibo  fxicuon,  m  il»e  power  employ  Hi 
to  give  motion  in  the  beginning  of  ll)£  alrdke  is  rciuhiCfl  in  the  Utter  put  of 
ii,  lijF  cuiilinuiUij  ^*  nwiion  after  liic  itcpwtti^ulQling  ralve  it  ^but."    W- 


mm 
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The  JtfitaJli/  of  obtaining  timber  of  sufficient  dimensions  to 
form  t/w  ''■.>k.n*r-heam  of  a  very  porrrrjul  engine  in  one  log^ 
tarlif  sM^.;'  ■*.>  /  to  the  constructor*  o/' steam- engines  the  Jortnittg 

of  six  or  more  logs  laid  Jiat  upon  one  an^ 
'oiher^  andu'ie  toude,  [auhewa  in  this  cron  section,) 
and  scirrved  together  upon  dozceiis  or  joggles  to 
prevent  them  from  sHding  upon  one  another ;  but 
however  well  tco'knifr-beams  so  constructed  have 
been  put  together,  it  has  been  found  that  after  they  have  been 

tome  time  in  use  the  straps  and  holts  fty  zelnch  the  logs  were 

^^xoHttected  have  gradualli^  got  looset  and  several  bad  conse- 
^H  yuenccs  have  ensued,*  Beams  in  one  solid  log  were  therefore 
^^  preferred  wherever  they  could  he  obtained.  la  small  et/gines 
I  Mr  tVatt  sometimes  used  cast-iron  whceh,  or  large  pulleys^ 
I  III  place  of  working'bcams,  and  occamnally  other  contri* 
IL-^    cances, 

^B    7 1*  We  presume  that  our  thinking  readers  will  not  be 
^^dnpkued  with  this  rational  history  ot*  the  progress  of  this 
engine  in  the  hands  of  its  ingenious  and  worthy  inventor. 
We  owe  it  to  the  communicationB  of  a  friend,  well  ac- 
quainted with  him,  and  able  to  judge  of  his  merits.    The 


•  *•  To  prevent  ibif^  wheneTcr  timber  could  not  be  got  Iwge  enoogh  lo 
ttm  the  braou  in  one  piece,  I  latlerljf  rckorted  to  linple  bcanft*  braced 
nth  ituo  lu  lliis  amiiner  ; 


Cat  for  oeverml  yf»rt  put*  workfog-beams  of  timber  for  engines  of  wtxf 
llsc  hgvp  bcro  cntirclv  laid  aiide,  anil  those  marie  of  c»l>iron  ha«  htr% 
iplojeJ  in  place  of  them,  whereby  ihe  bcndiiifi,  »phritn«.  twiiling*  dry-ror, 
•o  whicb  wDud  is  tulirjcctj  irc  cuinplotely  Hvoidcd,'*    W. 
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public  see  him  always  associated  with  the  no  lest  celebrated 
mechanic  and  philosopher  Mr  Boiilton,  of  Soho»  near  Bir- 
mingham. They  have  shared  the  royal  patent  from  the 
beginning ;  ami  the  alliance  is  equally  honourable  to  both.* 

72.  The  advantages  derived  from  the  patent*rlght  show 
both  the  superiority  of  the  engine  and  the  hberal  minds  of 
t]>e  proprietors.  They  erect  the  engines  at  the  expenoo  of 
the  employers,  or  give  working  drafts  of  all  the  parts,  with 
instructions^  by  which  any  resident  engineer  may  exeoUe 
the  work.  The  employers  select  the  beU  engine  of  4ke  ordlh 
nary  kind  itt.  the  neighbourhood  itsing  the  same  t6H  of.  eoah^ 
compare  the  quantities  of  fuel  expended  by  each,  and  pay 
to  Messrs  Wwitt  and  Boulton  one-third  of  the  annual  sa- 
vings for  a  certain  term  of  years.  By  tlits  tlie  patentees 
are  excited  to  do  their  utmost  to  make  the  engine  perfect; 
and  the  employer  pays  in  proportion  to  the  advantage  he 
derives  from  itf 

It  mny  not  be  here  improper  to  state  the  actual  perfomt- 
ancc  of  some  of  these  engines. 


•  "  The  late  T)t  Roebuck  of  BorrowstoncM,  a  gentleman  of  moch  ingeou* 
jty  and  enterprise^  was  originally  associated  with  nie  in  tlie  pro6ts  which 
niiglit  accrue  from  the  pntent,  but  in  or  about  177J  be  disposed  of  his  inte- 
rest ill  it  to  ^[r  Bouituii,  and  both  of  tbem,  in  1774-5,  assisted  me  in  procu* 
ri:ig  un  act  of  parliament  for  the  prolongation  of  the  patent  for  t5  yean 
fruiii  that  time  ;  and  I  then  commenced  a  partnership  with  the  latter,  whidh 
terminated  with  the  exclusive  priTilega  in  the  year  1800^  when  I  rattred  from 
business,  but  our  friendship  continued  undiminished  to  the  close  of  his  liflB. 
As  a  memorial  due  to  that  fricndthip,  I  avail  myself  of  thii,  probably  a  laiC 
public  opportunity,  of  stating,  that  to  his  friendly  encouragement,  to  his  par- 
tiality for  sciciitiGc  improvements,  and  hia  ready  appliculion  of  them  to  tfav 
prurcs^es  of  oit;  to  his  intimate  knowledge  nf  business  and  manafactures» 
and  to  his  extended  views  and  liberal  spirit  of  enterprise,  must  in  a  great  me«- 
flure  be  ascribed  whatever  success  may  have  attended  uy  exertiiHis."    W. 

t  "  This  was  originally  their  method  of  agreeing,  but  afterwards,  to  avoid 
disputes  and  trouble,  they  fixed  certain  rates  for  each  siMd  eogiae*  a«NA> 
ing  to  the  value  Aiid  quality  of  coals  in  the  acighbourhood*"    W. 
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U  ^fhe  bumifig  of  one  hmhd  of  good  Netvcastfe  or  Swtfn- 
coaU  tn  Mr  IVutC^s  reciprocating  engines,  working  more  or 
crpatmveitf,  waifitund,  btf  the  accountt  kept  at  ikr  Cornish 
m€»f  to  raise  from  *iA  to  32  mUiiom  of  potmds  of  water  one 
foot  hif*h :  tiie  greater  or  less  effect  depending  upon  the  state 
g/*  the  engine,  fit  «z«,  and  rate  of  working,  and  upon  the  qua- 
li/y  of  the  coaL 

'•     Jh  engines  upon  the  rotative  double  construction,  one  having 
■  et^inder  o/  31 J  inches  diameter,  and  making  I7i  strokes  of 
'*7  feet  iong  per  minute,  caUed  40  horsed  power,*  meaning 
the  constant  esertion  of  40  horses  i^for  which  purpose,  nip- 
\poang  the  work  to  go  on  nigJit  and  day,  3  relays,  or  at  ieast 
I  \90  horses,  must  he  kept,)  consumed  about  4  bushels  of  good 
I  Newcastle  coal  per  hour,  or  400  Tveight  of  good  fVedpiesbun^ 
coaL    A  rotative  double  engine,  with  a  cylinder  of9.Si  inches 
I  in  diamettr,  making  2 1 }  strokes  of  5  feet  long  per  minute,  was 
\  tailed  9.0  horses'  power ;  and  an  engine,  with  a  cylinder  of 
I  17  4   inches  diameter,  making  Q.5  strokes  of  4  feet  long  per 
minute,  was  called  10  horsed  power  ;  and  the  consumption  of 
coais  by  these  was  nearly  proportional  to  that  of  the  40  horsed 
^ower. 

I  m  **  When  Boiiltoo  and  WaH  let  about  the  ialrodoctioD  of  the  rotatiT* 
steaa-engine*,  (o  gi»e  motioa  lo  mill-work,  tbey  felt  the  necesuly  of  adopt- 

I  ing  tome  mode  of  dcKhbing  the  power,  which  should  be  easily  uodentood 
by  the  persons  who  were  likely  to  mc  iheoi,  Honcf  bciog  tlie  power  th«n 
gener«|)>  employed  to  move  the  muchinery  in  the  great  breweries  and  diatil* 
lerics  of  ibe  mt-tropoli»j  where  these  engines  came  first  into  demand,  the 
power  of  a  mtU'horsfl  was  considered  by  them  to  afford  an  obviuus  and  con* 
ciM  «t&udard  of  comparisoa*  and  one  sufficiently  dcfiuiie  for  the  parpoM  la 

^^B A  bcrn«  going  Ml  (he  rate  of  S^  rallei  an  hour  raises  a  weight  of  ISO  lb»* 
f^m  rope  paiaiiig  over  a  pulley,  wLicli  is  rtiual  to  the  rai*iog  33,fX)0  pounds 
one  fbot  high  in  a  minute.  This  was  considered  the  horse^s  power  ;  but  in 
eilcalating  the  »iio  of  the  engines,  it  was  jadged  advisable  to  make  a  Tcrj 
ample  allowance  for  the  probable  cue  of  iheir  out  bemg  kept  ia  the  bist  or- 
der. Aud  therefore  the  load  wa«  ouly  asiiicued  ot  about  7  Ibi.  on  the  square 
of  the  piston,  althoaKh  the  engines  work  well  to  10  Iba.  on  the  inch,  e*- 
vcofiheir  ewti  friction.'*    W. 
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A  bmhel  of  NewcuMtle  coali,  which  thmt  appean  to  he  Urn 
toiitutt^tion  of'  a  \0-hone  efigine  Jor  one  hour,  grimk  wd 
drtJisa  about  10  bus/iiU^  li'inchatcrmiaiurtpqfwietU^ 

Tluc  fjwintiiy  vf  matter  ttcccssary  for  injection  mtaif  ht  dek^ 
miitad  on  pruicipU  Jot  enginet  having  a  separait  eondemtf^ 
Having  found  the  contents  of  the  ct^inder  in  cubre  fttt  (thai 
is,  the  area  of  the  piston  vmltiplied  by  the  length  of  the  tirvki 
-f  tn*  to  aUow  for  the  vacuities  at  top  and  bottom  tkrvu^h 
which  the  piston  does  not  puss),  it  is  to  be  considered  thai  coerj 
cubkfoot  of  steam  produces  about  a  cubic  inch  q/maUr 
condcnsedj  and  contai^ts  about  as  much  lateni  keai  at 
raise  96O  cubic  incites  of  wuicr  one  digree.  TIas  steaut 
not  onij/  be  condented,  but  must  be  cooled  down  to  the  li 
rature  of  the  hot  weii :  t/ierefore  a$  many  inches  ofeoid 
must  be  emploifed  as  will  require  all  this  heat  to  rai^e  it  tQtk 
temperature  of  the  hot  well. 

Therefore  let  c  be  the  quantity  tf  Heam  to  be  eoi 
cubic  feet; 

Qszthe  temperature  of  the  cold  water  {per  Fahrenheit) ; 
bsi  the  proposed  temperature  of  the  svarm  water,  or  koi  wU; 
1  \72=the  sensible  and  latent  lieat  of  steam  ; 
x=the  cubic  inches  of  cold  ttater  required  to  condeme  c. 
Then  c  X  117^—6=*  X  f+oT 

Jlurefore  cX— r- 


=x. 


Thus,  if  the  proposed  temperature  of  the  hat  well  be  IJ 

{and  it  s/wuid  not  be  higher  to  obtain  a  tolerable  Uicuwn  M 

the  cylinder),  and  that  of  the  injection  be  50*,  we  have  a^dtf, 

1 17r:>— 100 
6=100";  hence—^ -=8L44=t.     That  ih  for  evtrj 

foot  of  the  eapacitj^  of  tfie  stroke  in  the  a/Under  +  ^\ ,  edkm 
lated  as  lias  been  directed,  or  for  eteri/  cubic  inch  of  watt 
evaj)oratedfrof?i  tJie  boiler,  about  2\\  cubic  inches  offmsle^ 
50**  teiil  be  required  to  condeme  the  steam. 

But  as  the  injection  water  may  not  be  obtained  so  eold 
50^,  end  other  circumstances  may  require  ofi  allowanUg 
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;wi/  of  water  for  every  inch  boiled  off,  or  for  every  cubic 
>f  UW  c<mi€nts  of  Uic  stroke  in  the  cylinder,  tnoy  be  kept 
md  at  wupfy  sufficient.  This  greatly  exceeds  the  qtmntilt^ 
in  a  gttod  NemeQ9i€n'$  engine,  and  by  thowitig  the 
ptrfect  condru&ation^  pottUs  out  tlu  superiority  of  the  nem 
mgime;  far  (he  Newcomen's  engiue,  if  working  to  the  greatest 
fuhmaiagc,  $hoyld  not  he  loaded  to  more  than  7  poumls  upon 
the  imh,  whereas  JVatt*s  eugirte  bears  a  load  not  much  less 
than  11  pouMU,  exclusive  of  friction,  when  making  12  S-feet 
Uroku  per  minute, 

Wikti  hai  been  now  said  is  not  a  matter  of  mere  curiosity : 
H  qfinb  an  exact  rtdefor  judging  of  the  good  working  order 
of  the  engine.  We  can  measure  with  accuracy  tlie  water  ad* 
mnkted  into  the  boiler  during  an  hour  without  allowing  its  sur^^ 
Mtf  to  rise  or  fall,  and  also  the  water  employed  for  injection, 
^Jff  IAb  last  he  above  the  proportion  now  given  {adapted  to  the 
mtmptraiur^  60°  and  100°),  we  are  certain  that  steam  is 
moiM  ^  leaks,  or  by  condatsation  in  some  improper  place* 

It  tt  evident  that  it  is  of*  great  importance  to  have  the  tern' 
fmensiure  of  the  hot  well  as  low  as  possible,  because  there  always 
^ftmains  steam  in  the  cylinder  of  the  same  or  rather  higlier 
temperature,  possessing  an  elasticity  which  balances  part  of  the 
ure  on  the  other  side  of  the  piston,  and  thus  diminishes  the 
r  of  the  engine.  This  is  clearly  seen  by  the  barometer 
Mr  ^Vatt  applies  to  his  engines,  arul  is  a  most  usejul 
laMtioM  to  the  proprietor.  It  shorts  him  the  state  of  the  va* 
,  asid,  with  the  height  of  the  mercnrif  in  ike  steam-guage, 
out  the  real  poaer  of  the  engine, 
Mr  Watt  finds  that,  with  the  most  judiciously  comtrncttd 
ces,  it  requires  8  feel  of  surface  of  the  boiler  to  be  ex- 
to  the  action  qftlmjire  andjianie  to  boil  ojffa  cubic J'oot 
jf  water  in  an  hour,  and  that  a  bushel  of  Newcastle  coals  so 
uppHed  will  Imil  off  from  S  to  \2  cubic  feety  and  that  it  re- 
quires about  a  cwt,  of  fVednesbury  coals  to  do  the  same,  Wm 
Id  coDBequencc  of  ihe  great  superiority  of  Mr  Watt's 
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ness,  tbey  have  become  of  most  extensive  use;  md^ia 
every  demand  of  manufacture  on  a  great  scaler  they  ofir 
us  an  indefatigable  servant,  whose  strength  has  no  bonndsi 

74.  The  greatest  mechanical  project  that  ever  engaged 
the  attention  of  man  was  on  the  point  of  being  executed  by 
this  machine.  The  States  of  Holland  were  treadng  irilh 
Messrs  Watt  and  Boiilton  for  draining  the  Haerlem  Mefff 
and  even  reducing  the  Zuyder  Zee :  and  we  doabt  not  bot 
that  it  will  be  accomplished  whenever  that  unbapfqr  natka 
has  sufRciently  felt  the  diifercnce  between  liber^  and  fin 
reign  tyranny.*  Indeed  such  unlimited  powers  are  afibid- 
ed  by  this  engine,  that  the  engineer  now  thinks  that  no  tadc 
can  be  proposed  to  hfm  which  he  cannot  excqats  wUb 
profit  to  his  employer. 

7d.  No  wonder  then  that  all  classes  of  engineers  hm 
turned  much  of  their  attention  to  this  engine ;  and,  leenig 
that  it  has  done  so  much,  that  they  try  to  make  it  do  sdl 
more.  Numberless  attempts  have  been  made  to  impnvB 
Mr  Watt's  engine;  and  it  would  occupy  a  volume  to  (pft 
an  account  of  them,  whilst  that  account  would  do  no  mors 
than  indulge  curiosity.  Our  engineers  by  profeauon  sre 
in  general  miserably  deficient  in  that  accurate  knowledge 
of  mechanics  and  of  chemistry,  which  is  necessary  for  nn- 
derstanding  this  machine ;  and  we  have  not  heard  of  one 
in  this  kingdom  who  can  be  put  on  a  par  with  the  present 
patentees  in  this  respect.  Most  of  the  attempts  of  engincefs 
have  been  made  with  the  humbler  view  of  availing  them- 
selves of  Mr  Watt's  discoveries,  so  as  to  construct  a  steam- 
engine  superior  to  Newcomen's,  and  yet  of  a  form  suffi- 
ciently diflbrent  from  Watt's  to  keep  it  without  the  reacA  of 
his  patent.  This  they  have  in  general  accomplished  by 
performing  the  condensation  in  a  place  which,  with  a  litde 


*  "  Such  things  were  id  agUttion,  but  did  not  come  so  for  bs  treating.  K 
considerable  engine  was,  bowcver,  erected  by  tbem  at  M;4recht  for  dniMlf 
B  liirge  extent  of  country,  in  wbich  it  wai  succetsful.*'  W. 
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•Uetch  of  fancy,  not  unfrequent  in  a  court  of  law,  may  he 
calieil  part  of  tlu  cylinder, 

76.  Tlie  success  of  most  of  tlie&e  attempts  has  interfered 
ao  little  with  iho  interest  of  the  patentees,  that  they  have  not 
hindered  the  erection  of  many  mginea  which  tlie  law  wonld 
have  deemed  encroachments.  We  think  it  our  duty  to  give 
oar  opinion  on  this  subject  without  retierve.  The»e  are 
most  expensive  undertakings,  and  lew  employers  arc  able 
to  jttd^  accurately  of  the  merits  of  a  project  presonled  to  . 
them  by  an  ingenious  artist.  They  may  bc-e  the  practica- 
bility of  the  schemes  by  having  a  general  notion  of  the  ex- 
pansion and  condensation  of  steam»  and  they  may  be  mis- 
led by  the  ingenuity  apparent  in  the  constiuction.  The 
engineer  himselfls  frequently  tlie  dupe  of  hiti  own  ingenuity  i 
and  it  ii  not  always  dishonesty,  but  freijueniJy  ignorancey 
which  makes  him  prefer  his  own  invention  or  (as  he  thinks 
it)  improvement*  It  is  a  most  delicate  engine,  and  re- 
quires much  knowledge  to  see  what  docs  and  what  doc« 
not  improve  its  performance.  We  have  gone  into  the  pre- 
ceding minute  iuvefelignlion  of  Mr  Watt's  progress,  with 
th<  exprciis  purpose  of  making  our  readers  fully  masters  of 
ito  principles,  and  have  more  than  once  pointed  out  the 
real  improvements,  that  they  may  be  firmly  fixed  and  al- 
ways r<*ady  in  the  mind.  By  having  recourse  to  them,  the 
reader  may  pronounce  with  confidence  on  the  merits  of  any 
new  construction,  and  will  not  be  deceived  by  the  puffs  of 
&n  ignorant  or  dishonest  engineer,*  f 


*  r>f  Bebiwn'k  account  of  }Iornb)ower's  enfjinc  liu  been  ofnitted  hy  lh« 
X'iitor,  MM  noauiuble  to  Ibr  prctriit  work.  ^otwiiUiUadiuj;  ibc  gicat  iofc- 
ii-.iv  ei»Kcd  bj  Mr  Koinblowcr  iu  ihe  coijaracljon  of  Uii  engine*  ^el  it 
vtfti  (uund  hj  m.  couit  of  law  lo  be  a  piftgi&ri&m  ol  Mr  WaU's  iuventuin,  anJ 
<jit  iii;»  accooDt  Mr  Waci  could  aot  bave  mad*  «nj  couaicaUrj  upoo  it«  Cfcu 
if  it  i*»0  sppeatcd  dMcrving  of  imcriioa.     Euitok. 

f  **  Several  of  vjr  improve meaU  luentiouni  in  the  course  of  lbi«  Ciwy  were, 
m  itii  oUur  conlnirftM«a  whidi  I  h«TC  nol  thought  it  necc»m>  to  entf  r  iiiw 
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77.  Wie  sludl  conckde  €iwr  ttoodtf&t  df  fchis  nbbteMfghl 
with  observing,  that  Mr  Watt'«  fbrtt  suggeatk  llle 


the  detail  of,  nnde  the  objecU  of  distinct  pateaU  —bte^aent  to  ttetof  im^ 
of  which  the  following  notice  me;  here  loffice : 
Patbnt,  X5tb  October  1781.    "  For  certain  new  Melliods  ofapliljihllft^ 
Tibnting  or  BeciprocatiBg  Motion  of  Bteam  or  Fire-BnglMa^to: 
a  continned  RotatiTe  or.  Circular  Motioa  ronnd  an  Axb  or 
thereby  to  give  Motion  to  the  Wheels  of  MilU  or  other 
The  ipccification  dated  ISlfa  Febraarjj  1783,  contabi  a  deacriptioa  of  In 
difibrent  contrivances  ef  rotatlre  motions. 
Fatknt.  Itth  March  1789.     "  For  certain  new  ImprOTBttentsaqponflMift 
or  Fire-Engines  for  raising  Water,  and  other  Mechanical  PorpartB^  tai 
certain  new  Pieces  of  Mechanism  applicable  to  the  same." 
The  specification,  dated  the  Sd  July,  178t,  contains^  first,  nMekpeimit 
■te«m*engine,  with  six  different  contrivutces  Ibr  eqvaliid^  die  power;  l^ 
cond,  the  double-power  sttam-engine,  in  which  the  stoam  is  altonurtely  i^ 
plied  to  press  on  each  side  of  the  piston,  while  a  vacunm  is  formed  on  Iht 
other;  third,  anew  compound  engine,  or  method  of  connecting  tc^etherdie 
eylindcri  and  condensfrs  of  two  or  more  distinct  engines,  so  as  to  Mdtettk 
ateam  which  has  been  employed  to  press  on  the  piston  of  the  fintt  act  uftk 
iiTely  open  the  piston  of  the  second,  &c.,  and  thus  derive  an  addilional 
power  to  act  either  alternately  or  conjointly  with  that  of  the  first  cylinder ; 
fourth,  the  application  of  toothed  rat^s  and  sectors  to  the  ends  of  the  pfstoo 
or  pnnip*rods,  and  to  the  arches  of  the  worlcing-beamsi  instetd  of  ^aha; 
fifth,  a  new  reciprocating  semi-rotatiTe  engine,  and  a  new  rotiUiTe  aotioe  «r 
steam*wheel. 
Patent,  26th  April,  1784.    "  For  certain  new  ImproTements  upon  Fire 
and  Steam-Engines,  and  upon  Machines  worked  or  moved  by  the  same.** 
Tlie  specification,  dated  the  £4th  August,  1784,  describes!,  first»  A  sow  fo- 
tative  eof  ine,  in  which  the  steam-vessel  tarns  upon  a  pivot,  and  is  placed  in 
a  dense  fluid,  the  resistance  of  which  to  the  action  of  the  steam  caoset  the 
rotative  motion ;  second,  Methods  of  causing  the  piston-rods,  pump-rods,  and 
other  parts  of  engines,  to  move  in  perpendicular  or  other  straight  lines,  and 
to  enable  the  engine  to  act  upon  the  working-beams  both  in  pnsliiiig  and 
palling  :  This  is  now  called  the  Parallel' Motion,  and  three  varieties  are  de- 
scribed; third.  Improved  methods  of  applying  the  steam-engine  to  work 
pvmps,  or  other  alternating  machinery,  by  making  the  rods  balance  eaa 
'ether ;  fourth,  A  new  method  of  applying  tfie  power  of  steam'^edgiiies  to 
move  mills  which  have  many  wheels  required  to  move  round  in  coiMftt; 
'fifth,  A  simplified  method  of  applying  the  power  of  steam^rigimes  to  tbb 
working  of  heavy  hammers  or  stampers  ;  sixth,  A  new  construction  andtaodb 
of  opening  the  valves,  uidan  Improved  working*gear;  seventh,  A  portable 
tteam-engine  and  machinery  for  moving  wheel- carriages. 
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tfniction  of  an  excdlent  air-pamp.  A  large  vessd  may  be 
made  to  communicate  with  a  boiler  at  one  side^  and  with 
the  pump-receiver  on  the  other,  and  also  with  a  condenser. 
Suppose  this  vessel  of  ten  times  the  capacity  of  the  reco- 
ver ;  fill  it  with  steam  from  the  boiler,  and  drive  out  the 
lur  frcHn  it ;  then  open  its  communication  with  the  receiver 
and  the  condenser.  Tbis  wiU  rarefy  the  air  of  the  receiver 
ten  times.  Rq)eating  the  operation  will  rarefy  it  100  times ; 
the  third  operation  will  rarefy  it  1000  times;  the  fourth, 
10^000  times,  &c.   All  this  may  be  done  in  half  a  minute. 


pATBiiT  in  1785.  '*  For  certain  newlj  improved  Methodi  of  conitmcting 
Famacet,  or  Fir^PIac^  for  RieaiiDg,  Boiling,  or  Eraporating  of  Water, 
and  other  I^qaidti  which  are  applicable  to  Steam-Eoginet  and  other  par* 
poaes ;  and  also  for  HeatiDg,  Melting,  and  Smelting  of  Metals  and  their 
Oresy  wberebj  greater  effects  are  produced  from  the  Wat},  aad  the  Smoko 
if  ia.peat  neasare  piaTflnted  orcoasaaed.*' 

%e  ipocification  ia  dated  the  14th  J^ane^  1785.    W. 
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JJr  Robison's  account  of  Mr  Watt's  engines  termlnatet 
here ;  but  it  seems  necessary  to  describe  and  explain  cer- 
tain additions  to  them  which  he  has  eiilier  very  sliglitly  no- 
ticed, or  not  at  all^  though  they  eusted  before  he  compo- 
sed the  preceding  dissertation  ;  probably  they  were  omitted 
from  his  not  having  had  an  opportunity  of  observing  them 
closely. 

The  first  is  the  Parallel  Motion^  which,  in  the  single  en- 
gines, serves  iu  place  of  chains,  and  in  the  double  engines, 
sapplies  the  place  of  the  rack  and  sector,  which  has  been  de- 
scribed in  art  63.  It  has  been  mentioned,  that  tlie  racks  ami 
sectors  were  very  subject  to  wear,  and  that,  when  perfects 
they  did  not  move  with  that  smoothness  tliat  was  wished ; 
and  to  chains  there  were  many  objections.  It  occurred  to 
Mr  Watt,  that  if  some  mechanism  could  be  devised  mo- 
ving upon  centres,  which  would  keep  the  piston-rods  per- 
pendicular, both  in  pushing  and  pulling>  that  a  smoother 
motion  would  be  attained  ;  and,  in  all  probability,  that  the 
parts  would  be  less  subject  to  wear.  After  some  considera- 
tioQy  it  occurred^  that  if  two  levers  of  equal  lengths  were 
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placed  in  the  same  rertical  plane,  nearly  as  shown  in  the 
following  diagram)  moveable  on  the  centres  B  and  C,  and 
connected  by  a  rod  A  D,  the  point  E,  in  the  middle  of  that 
rod,  would  describe  nearly  a  straight  and  perpendicular 
line^  when  the  ends  A  and  D  of  tlie  levers,  and  of  that  rod, 
moved  in  the  segments  of  circles  FG,  and  IH^  provided 
the  arch  FG  did  not  much  exceed  40  degrees,  and  conse- 
quently that  if  the  top  of  the  piston-rod  were  attached  to 
tliat  point  £y  it  would  be  guided  perpendicularly,  or  near- 
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tt  necessarily  followed,  that  if  for  convenience  the  lever 
CD  (which  represents  what  he  called  the  regulatlng-radiua) 
were  made  only  half  the  length  of  the  lever  AB,  (which  r&- 
reaentft  the  half  length  or  radius  of  the  working^bvam)  a 
t  situated  at- one-third  of  the  length  of  the  rod  AD, 
the  joint  A,  would  then  move  in  a  perpendicular  line. 
were  first  ideas,  but  the  parallel  motion  soon  was 
oolded  into  the  form  in  which  it  appears  in  all  BouUon 
■nd  Watt's  engines,  and  in  which  it  is  seen  in  the  annexed 
plate  of  the  second  engine  at  the  Albion  MilL  A  patent 
for  the  protection  of  this,  and  some  other  of  Mr  Watt  s  in- 
▼enlions,  passed  the  seals  in  April  17$4,  but  the  invention 
WM  made  in  the  latter  end  of  1783. 


IM 
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A  second  article  omitted  to  be  de»cribed,  it  the  metbod 
of  regulating  the  spccxl  of  the  rotative  engines^  a  natter  c»- 
sential  to  their  application  to  cotton-spinning,  and  many 
other  manufactories. 

It  is  performed  by  admitting  the  steam  into  tlie  cyliodar 
more  or  less  fneely,  by  means  of  what  is  called  a  Tkrottie- 
valve^  which  is  commonly  a  circular  plate  oS  metal  A^  ha- 
ving a  spindle  B  fixed  across  its  diameter. 


5&Bf* 


This  plate  is  accurately  fitted  to  an  aperture  in  a  metal 
ring  CC,  of  some  thickness,  through  the  edgeway  of  which 
the  spindle  is  fitted  steam-tight,  and  the  ring  is  fixed  be- 
tween the  two  flanches  of  the  joint  of  the  steam-pipe  which 
is  next  to  the  cylinder.  One  end  of  the  spindle,  which  has 
a  square  upon  it,  comes  through  the  ring,  and  lias  a  span- 
ner fixed  upon  it,  by  which  it  can  be  turned  in  either  di* 
recdon. 

When  the  valve  is  parallel  to  the  ont&ides  of  the  xt 
shuts  the  opening  nearly  perfectly ;  bttt  when  ite  pLuia 
at  an  angle  to  the  ring,  it  admits  more  or  less  stenn  aoooni- 
iog  to  tlie  degree  it  has  opened  ;  consequently  the  pistaa  is 
acted  upon  witli  more  or  less  force.  For  many  parpdwi 
engines  are  thus  regulated  by  hand  at  the  pleaiore  cf  tlie 
attendant ;  but  where  a  regular  velocity  is  required,  other 
means  must  be  applied  to  open  and  sliut  it,  without  any  at- 
tention on  the  port  of  those  who  have  the  care  of  it.  For 
this  purpose  Mr  Watt  had  various  methods,  but  at  iaal  ^- 
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ed  upon  what  he  calls  the  Governor,  (shewn  at  W.  Plate  IV. 
nod  VII.)  consisting  of  a  perpendicular  axis,  tamed  by  the 

^nc:  To  a  joint  near  the  top  of  this  axis  are  suspended 

o  iron  rods  carrying  heavy  balls  of  metal  at  their  lower 
ctads,  in  the  nature  of  pendulums.     When  this  axis  is  put 

motion  by  the  enjrine,  the  balls  recede  from  the  perpeodi- 

lar  by  the  ccntrifugiil  force,  and  by  means  of  a  oombina- 
Ikin  of  levers  iixed  to  their  upper  end,  raise  the  end  of  a 
lever  vhich  acts  opon  the  s]>anner  of  the  throttle- valve,  and 
that^  it  more  or  less  according  to  the  speed  of  the  engine, 
feo  that  as  the  vdocity  augments,  the  valve  is  shut,  until  the 
speed  of  the  engine  and  tlie  opening  of  the  valve  come  to 
a  maximnm  and  balance  each  otlier. 

Tlic  application  of  the  centrifugal  principle  was  not  a  new 
invention,  but  had  been  applied  by  others  to  the  regulation 
of  water  and  wind-mills,  and  other  things;  but  Mr  Watt 
roved  the  mechanism  by  which  it  acted  upon  Uie  mt- 
es,  and  adapted  it  to  Ins  enginea. 

From  the  beginning,  Mr  Watt  applied  a  gage  to  «hew 
•the  height  of  the  water  in  his  little  boiler,  which  consisted 
of  a  glass  tube  communicating  at  the  lower  end  with  the 
water  in  the  boiler,  and  at  the  upper  end  with  the  steam 
contained  in  it.  This  gage  was  of  great  use  in  hra  experi- 
ments, but  in  practice  other  methods  are  adopted.  He  has 
hrays  used  a  barometer  to  indicate  the  degree  of  exhatw* 
ion  in  his  engines.    Sometimes  tliat  instrument  is,  as  usual, 

glass  tube  33  or  54  inches  long,  immersed  at  bottom  in 
a  cistern  of  mercury,  and  at  top  communicating  by  means 
of  a  small  pipe  and  cock  with  the  condenser.  The  oscilla- 
tloDS  are  in  a  great  degree  prevented  by  throttling  tlie 
pastage  for  the  steam  by  means  of  the  cock. 

But  as  glass  tubes  were  liable  to  be  broken  by  the  work- 
men, barometers  were  made  of  iron  tubes,  in  the  form  ot 
tUTerted  syphons,  one  leg  about  half  the  length  of  the  other, 
to  the  upper  end  of  the  long  l<^  a  pipe  and  cock  were  join- 
ed, which  communicated  with   the  condenser;  a  proper 
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quantity  of  mercury  was  poured  into  tlic  short  leg  of  the  sy 
phon^  which  naturally  stood  level  in  the  two  legs:  A  light 
float  with  a  slender  6tem  was  placed  in  the  short  leg,  and  & 
scale  divided  into  halt' inches  applied  toit,  which  (as  by  thft 
exhaustion  the  mercui'y  rose  as  much  in  the  long  leg  as  It 
fell  in  the  short  one)  represented  inches  on  the  commou  ba* 
rometer. 

Tl)e  6team-gagc  is  a  short  glass  tube  with  its  lower  end 
immersed  in  a  cistern  of  mercury,  which  is  placed  within  aa 
iron  box  screwed  to  the  boiler  stcam-pi{)e9  or  to  some  otlier 
part  communicating  freely  with  the  stcami  which,  pressing 
on  the  surface  of  the  mercury  in  the  ci&lcm,  raises  the  mer- 
cury in  the  tube,  (which  is  open  to  the  air  at  llie  upper 
end)  and  its  altitude  serves  to  show  the  elastic  power  of  the 
steam  over  that  of  the  atmosphere. 

.These  instruments  are  of  great  use  where  titey  are  kept 
in  order,  in  shewing  the  superintendent  the  state  of  the  cn« 
ginc ;  but  slovenly  engine-lenders  are  but  loo  apt  to  put 
tlieni  out  of  order,  or  to  suffer  them  to  be  so.  It  is  the  in* 
terest,  however j  of  eceft/  owner  of  an  engine  to  tee  that  they,  a$ 
well  as  ail  other  parts  of  the  engine,  are  kept  in  order. 

The  barometer  being  adapted  only  to  ascertain  the  de» 
gree  of  exhaustion  in  the  condenser  where  its  variations 
were  small,  tlie  vibralioas  of  tlie  mercury  rcndcretl  it  xerj 
difficult,  if  not  impracticable,  to  ascertain  tlie  state  of  the 
exhaustion  of  the  cylinder  at  the  different  periods  of  the 
stroke  of  the  engine  ;  it  became  thercibre  necessary  to  con- 
trivc  an  instrument  for  that  purpose  that  should  be  less  sub- 
ject to  vibration,  and  should  show  nearly  the  degree  of  ex- 
haustion in  the  cylinder  at  all  periods.  The  foJlowing  in- 
strument, called  the  Indicator,  is  found  to  answer  the  end 
sufficienily.  A  cylinder  about  an  inch  diameter,  and  six 
inches  long,  exceedin 
curat  " 


ao- 


Lely 


as  to  slide  easy  by  the  lielp  of  soaie 


oil;  the  stem  of  the  piston  is  guided  in  the  direction  of  th 
axis  of  tlie  cylinder,  so  that  it  may  not  be  subject  to  jam  or 
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mnmc  friction  \n  any  part  of  Its  motion.  The  bottom  of 
[tt)is  cylinder  linH  a  cock  and  small  pipe  joinc<i  to  it,  wliicli^ 
[Isavin^  a  conical  end,  may  be  inserted  in  a  hole  drilled  in 
the  cylinder  of  lite  cngme  ne.ir  one  of  the  ends,  so  tlint  by 
opening  the  smnil  cock,  a  communication  may  be  ciiected 
!l>etween  the  inside  of  the  cylinder  and  the  indicator. 

Tl»e  cylinder  of  the  indicator  is  fastened  upon  a  wooden 
or  metal  frame,  more  than  twice  its  own  Icngili;  one  end  of 
ft  spiral  steel  spring,  like  tliat  of  a  spring  steelyard,  is  at- 
tached to  the  upper  part  of  the  frame,  and  the  other  end  of 
the  spring  is  attached  to  the  upper  end  of  thcpifcton-rod  of 
the  indicator.  The  spring  is  made  of  such  a  strenG;t]i,  that 
whenlbecyljnder  of  the  indicator  is  perfectly  exhausted,  the 
pressure  of  tlie  atmosphere  may  force  its  piston  down  within 
an  inch  of  its  bottom.  An  index  being  fixed  to  the  top  of  its 
piston-rod,  the  point  wltere  it  stands,  when  quite  exhausted* 
15  marked  from  an  observation  of  a  barometer  communica- 
ting with  the  same  exhausted  vessel,  and  the  scale  divided 
accordingly. 

Mr  Watt  very  early  found  that,  although  most  kinds  of 
grease  would  answer  when  employed  to  keep  the  piston 
tight,  yet  that  beef  or  mutton  tallow  were  the  most  proper* 
nnd  the  least  liable  to  decompose;  but  when  cylinders  were 
new  and  iniperfeclly  bored,  the  grease  soon  dibuppearedi 
and  the  piston  was  left  dry  ;  he  therefore  endeavoured  to 
( tietain  it  by  thickening  it  with  some  substance  which  would 
lubricate  tlie  cylinder,  and  not  prove  decompoisable  by  heat 
and  exhaustion.  Black-lead  dust  seemed  a  proper  sub- 
stance, and  was  therefore  employed,  especially  when  a  cy- 
linder or  the  packing  of  the  piston  was  new  ;  but  it  was 
found  in  the  sequel  that  the  black-lead  wore  the  cylinder, 
though  slowly;  and  by  more  perfect  workmanship,  cylin- 
ders are  made  so  true  as  not  to  require  it,  or  at  least  only 
for  a  very  short  time  at  first  using. 

The  joints  of  the  cylinder,  and  other  parts  of  Newc<^ 
men's  engines,  were  generally  made  tight  by  being  screwed 
trj-pthtr  upon  rinps  of  lead  covcretl  with  glaziers'  putty, 
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wbidi  method  was  9u£Sciciit>  as  the  entry  of  BtoalJ  qtumli- 
ties  of  air  did  not  materially  afiect  the  working  of  tfaetse  en- 
gines where  only  a  very  imperfect  exhaustion  was  requirod. 
But  the  contrary  being  the  case  in  the  improved  enginesi 
this  method  would  not  answer  Mr  Watt*s  purpose.  He  At 
first  made  his  joints  very  true^  and  screwed  them  together 
upon  pasteboard,  softened  by  soaking  in  water,  wliich  aiip^ 
swered  tolerably  well  (or  a  time,  but  was  not  sufficiently  diiftl 
rable.  He  therefore  endeavoured  to  find  out  some  more  last- 
ing snbstance ;  and  observing  that  at  the  iron  foundcries  they 
filled  op  flaws  by  iron  borings  or  filingS)  moi&tencd  by 
urine,  which  in  time  became  hard,  he  Improved  upon  this 
by  mixing  the  iron  borings  or  filings  with  a  small  quantity 
of  sulphur,  and  a  httle  salammoniac,  to  which  he  afterwards 
added  some  fine  sand  from  the  grindstone  troughs.  This 
inixture,  being  moistened  with  water  and  spread  upon  the 
joint,  heats  soon  after  it  is  screwed  togetl»er,  becomes  hard, 
and  remains  good  and  tight  for  years,  which  has  contribu- 
ted in  no  small  degree  to  the  perfection  of  the  engines. 

Mr  Murdockj  much  about  the  same  time,  without  com- 
munication with  Mr  Watt,  made  a  cement  of  iron  borings 
and  salamrooniac,  without  the  sulphur.  But  the  latter  giv< 
the  valuable  property  of  making  the  cement  set  immedt* 
ately. 

The  act  of  parliament  extending  Mr  Watt's  cxcluai^ 
privilege  for  the  improvemeuta  secured  to  him  by  his 
patent,  expired  in  1800^  at  which  period  he  retired 
business,  having  for  some  years  before  ceased  to  take 
active  part.  Previous  lo  that  time,  Messrs  Boultoii 
Walt,  juniors,  had  been  received  into  tlie partnership,  ttnt 
had  erected  extensive  works,  with  improved  machinery,  for 
the  manufacture  of  steam-engines ;  and,  since  the  death  of 
Mr  Boulton,  the  concern  has  been  carried  on  by  them.  Id 
conjunction  with  Mr  Southern  and  Mr  Murdock.  Under 
their  management,  considerable  improvements  have  been 
made  in  the  execution  of  the  engines,  and  some  advaoUt*, 


APPBIIDIX.  159 

geoofl  alteratioai  have  been  ad<^>ted  in  the  saboidinate  me- 
chanism and  general  constructi<m ;  the  use  of  wood  has 
been  discontinnedy  and  iron,  or,  in  the  fixed  parts,  stone, 
or  brick-work,  substituted  in  its  place;  and  numbers  of  ex- 
pert workmen  have  been  trained,  so  that  the  engines  are 
DOW  executed  with  a  degree  of  perfection  equalling  if  not 
suipassing,  the  improvements  which  the  increased  wealth 
and  commerce  of  the  country  have  called  forth  in  ahnolt 
every  other  art  and  manufacture. 
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MR  SOUTHERN  TO  MR  WATT.* 


I>KASSlB» 

J.  HX  experimentSi  of  vhicb  tlie  putjcukr  circamstaDCes 
•related,  were  made  in  1803,  wUh  the  view  of 
chiefl J,  the  deoMty  of  steftm  raised  from  wa- 
ter CTdtf  difiercnt  presaares  aboTe  that  of  tbe-wtiDOiphere, 
ma  appwUM  hsri^g  then  been  made  fm  a  diflareiit  pur- 
paai%  wfcicfc  attmed  pretty  well  adapted  to  this  ob^,  as  it 
<fid  eqnaOj  so  to  that  of  ascertoimng  the  latent  beat  of 


It  mmj  be  premised,  that  the  thermometers  employed  in 
an  the  ezperimcDts  which  will  be  now  related,  were  made 
with  the  greatest  care,  the  tabes  baring  been 
neascn-ed  as   to  the  proportional  capacity  of 
their  diftreni  parts,  the  boiling  point  of  each  ascertaiQedy 


*  Tb  all  tkt  eaptiiweuu  of  wUck  ui  met^vM  ll  fWca  in  this  Icittft  Mr 
*•«*«»  »ti  arirtctf  bf  Sir  WUlJam  Crci£kt«a, 


APrENDIX. 


161 


*.a»ri'mg  to  the  rules  prescribed  by  a  committee  of  tLo 
Royftl  Society,  in  1777>  (viz.  tlic  bulbs  and  tubes  being  iu 
steam  when  the  barometer  stood  at  2D.S  inches,  this  de- 
gree of  temperature  being  called  C2i2%)  and  in  all  cases  iho 
balt>  and  the  tube,  as  high  as  the  mercury  ascended  in  it, 
were  kept  hi  the  steam  or  the  water  whose  temperature 
was  to  be  noted.  This  latter  circumetance  was  efl'cctcd  in 
the  case  of  steam,  by  sliding  the  tube  of  tlie  thermometer 
through  a  stuffing-box,  or  collar,  made  tight,  till  ibe  mcT'r 
cury  in  it  coukl  just  be  seen  above  it-  The  tube  hid  known 
marks  on  it,  from  which  measurements  were  taken  to  llic 
mercury,  and  thence  the  temperature  known. 

Thequantity  of  steam  was  measured  by  falling  a  cylinder 
with  it,  (inclosed  in  the  steam,)  whose  diameter  was  about 
3.16  inches,  and  driving  it  out  by  the  motion  of  a  piston, 
which  had  18  inches  stroke  regulated  by  the  rotation  of  ft 
crank*  The  solid  contents  of  the  piston-rod,  which  was  0.S6 
inches  diameter,  diminished  the  contents  of  the  cylinder, 
leaving  the  quantity  discharged  each  stroke  by  the  motion 
of  the  piston,  very  nearly  130.7  cubic  incites;  but  as  the 
piston  did  not  rii^e  high  enough  to  touch  the  top  that  do* 
sed  the  cylinder,  and  there  u-as  also  unavoidably  a  spaca 
between  the  valve  and  the  cylinder,  these  spaces  together 
were  computed  to  equal  1.7  cubic  inches*  Of  course,  had 
tlie  elasticity  of  the  steam  been  just  equal  to  that  of  the  at- 
mosphere, no  addition  to  tlie  130.7  cubic  inches  would 
need  to  be  made ;  but  as  in  the  three  successive  experi- 
xnenCs  it  was  about  I,  §,  and  J  greater,  Uiese  proportions 
of  the  spaces  would  escape  when  the  valve  was  open  that 
ftUowed  the  discharge  of  the  steam  to  be  made  into  the  at- 
onosphere,  and  must  therefore  be  added  respectively  to  tl»e 
contents  discharged  by  the  motion  of  the  piston. 

These  additional  quantities  are  1,1x^=57;  1-Txj  = 
2,83  J  and  l.7Xj=5.1;  which,  added  to  130.7,  gives 
131.27  in  the  first  experiment  5  133.53  In  the  second,  ancj 
J  55.8  in  the^rdi  ibr  the  quantity  of  steam  discharged  ol 

VOL.  ir.  L 


i^ 


162 


AFPXNBIX. 


each  stroke  of  the  piston ;  and  therefore  the  nuadMr  of 
strokes  which  would  discharge  one  cabic  foot  in  eadk  of  the 
three  experiments,  would  be  13.164,  12.941»  and  19.724^ 
respectivelj. 

The  steam  was  conducted  from  the  cjlinder,  after 
ing  the  valve,  by  means  of  an  iron  pipe  attached  to  s 
oopper  one^  having  its  end  bent  down,  and  immened  a 
fehOTt  depth  Into  a  cistern  of  water.  The  dstem  waa  made 
of  fir-wood)  and  painted  inside  and  outside  with  while 
paint;  was  about  SO  inches  square,  and  96  inches  deep; 
and  the  quantity  of  water  in  it  was  ascertuned  by  weighing 
it,  as  was  also  the  accession  to  it  by  the  condensed  ateaik 

The  elasticity  of  the  steam  was  ascertained  by  neasnnng 
an  actual  column  of  mercury  which  it  supported ;  and  the 
number  of  strokes  was  ascertained  by  a  machine  cdled  a 
counter. 

The  followiDg  table  contains  the  principal  fiwts  of 
experiments* 
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If  the  whole  number  of  strokes  in  each  experiment  be di« 
vided  by  the  number,  found  as  above»  that  were  reqjiured 
to  discharge  one  cubic  foot  of  stcam^  the  whole  number  of 
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cubic  feet  oF  steam  diflcharged  in  each  experiment  will  be 
giren;  m.  5154  -f-  13.16*  =  391.53;  '2434-*-  12.941  = 
188.09;  and  1599-^12.704=195.66;  the  quantity  of 
steam  formed  and  discharged  in  the  (irst,  second,  and  third 
ca^runcntft  respectively^  in  cubic  feet. 

If  the  weight  of  water  gained  by  the  comlensation  of 
steam  in  each  experiment,  be  multiplied  by  27-65,  the  num- 
ber of  cubic  inches  of  water  in  a  pound  welghl,  and  divided 
by  the  number  of  cubic  feet  of  steam  which  were  conden- 
sed, tlie  quotient  will  gtrc  the  portion  of  water,  in  cubic 
Inclief,  required  by  each  cubic  foot  of  steam  for  Its  forma- 
tion i  and  hence  also  the  comparative  density. 
ThuB20.S5x  27.65-7-391.63=  1.430*1  inches  of  water  to 
20.00X27.65^  188.09=2.940 1-  form  each  cubic 
19>45  X£7.65-^  I«5.66=4.fi79j      foot  of  steam ; 

40.00 
and  ihm0  numbers  arc  profiortional  to 


1 


82.24 
iiy.70 


the  rela- 


ttfedtnMtieis  while  the  elasticities  were  as 


These  results  appear  to  support  the  conclusion  that  (he 
itKltky  «/*  «/cam  h  nearn/,  if  not  acrurate/j/,  proportional  to  ii$ 
tiaiiah/;  at  least  this  may  be  affirmed  of  it  within  the  li- 
nilB  of  these  experiments. 

From  the  above  cxperinaenla  may  bo  calculated  the  la- 
tent beai  of  steam  developed  in  the  three  cases  ;  for  if  the 
weight  of  the  water  which  received  the  augment  of  heat,  be 
iDiiitipJi^  by  the  number  of  degrees  of  temperature  com- 
nmnicated  to  it,  and  if  this  product  be  divided  by  the  ac- 
ccKion  of  weight  to  the  water,  (which  only  could  hove  cora- 
nonicated  the  accession  of  temperature)  it  is  evident  that 
the  quotient  will  give  the  temperature  which  the  steam  lost ; 
Aod  if  to  this  be  added  the  temperanire  which  it  retained, 
(w.  thMi  of  tlie  water  in  the  cistern  at  the  conclusion  of  the 
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experiment)  a  number  will  be  obtained  shewing  the  whoU 
heatj  or  the  sum  of  the  latent  and  sensible  beat  of  the 
fiteara.  Henc^,  by  substracling  the  sensible  heat  of  ihc 
Rtenin  from  this  sum,  the  latent  heat  will  be  found.  That 
is,  col.  5  X  col.  \)      ^^^  g  _  ^^^  ^^  ^P  ^^  ,^4g„j  ^d 

coL  7 
sensible  heat ;  or, 

if  W  =  weight  of  cold  water,  T  =  its  temperature 
a'  =  accession  of  water  by  the  condensed  steam, 
t  =  the  temperature  of  warm  water,  and 
X  =  the  sum  of  the  latent  and  sensible  heat  of  the 
steam  condensed. 

w 

Either  of  these  equations  will  be  found  to  give  in  the 
three  experiments  1 157°,  1244%  and  1^56%  from  wbichsub- 
struct  the  numbers,  col.  xi.  2^9°,  g70°>  and  29^*,  and  there 
remain  -----  y'i8%  974°,  and  961°,  ibe  latent 
lieat. 

Three  other  experiments  were  instituted  with  the  inten- 
tion of  ascertaining  tlie  latent  heat  of  steam  under  tlie  three 
same  degrees  of  elasticity,  vh,  equal  to  the  support  of  40, 
80,  and  120  inches  of  mercury.     The  steam  was  raisod  or 
generated  in  the  same  boiler  used  in  tlie  previous  experi- 
ments, and  from  the  end  of  a  cast-iron  pipe  of  1^  inch  di- 
ameter which  united  with  it,  a  small  copper  pipe  was  ta- 
ken (its  diameter  about  ^  inch)  and  bent  down  so  that  its 
end  could  conveniently  be  immersed  an  inch  or  two  under 
the  surface  of  water.    The  end  of  this  pipe  was  dosed  by  a 
tliin  disk  of  copper,  in  which  a  circular  hole  was  made  ijav 
of  an  inch  diameter,  tlirough  which  the  steam  from  the 
boiler  was  blown  into  the  cold  water.  The  water  which  re- 
ceived the  heat  was  contained  in  a  tinned  iron  vessel  that 
weighed  3.77  lbs.,  and  its  capacity  for  heat  may  therefore 
be  called  equivalent  to  ^Ib.  of  water.     In  eadi  of  the  expe* 
rimenls,  the  water  employed  to  receive  the  steam  weiglicd 
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S8]b.,  to  which,  in  the  following  table,  recording  the  prin- 
cipal fiuts^  is  added  this  ^Ib'.,  in  lien  of  the  vessel. 


i 

.1 

^' 

Q 

i 

I' 

1 

g 

^1 

3 

13 

iLi 

1 

^1 

|2 

0 

i 
1 

"5 

i 

1 

E 

6^ 

y 

i 

s 

Se; 

Cl 

H 

y 

H 

i3 

r     " 

tb.. 

0 

° 

c 

Ibi. 

Inches* 

1 

1S,45 

.ai 

4S 

BO 

39 

,87S 

229 

40 

3 

5^ 

38* 

48 

«!} 

m 

,857 

270 

80 

3 

4.00 

9Bi 

47J 

03 

S3i 

,896 

9S<5 

120 

If  either  of  the  equations  above  be  applied  here  to  the 
Acts  noted  in  this  table,  the  sum  of  the  latent  and  sensible 
heat  will  come  out  1119%  1  igo""  and  \^9S*' ;  and  the  latent 
heat  890°,  9«0^  and  933**.  It  was  observed,  however,  that 
the  tin  vessel  lost  heat  to  the  surrounding  air  very  sensibly, 
and  an  experiment  was  made  to  determine  the  amount  of 
this  effect ;  and  it  was  found  when  the  contained  water  was 
tX  80°,  1°  was  lost  in  five  minutes ;  when  at  60%  1°  was  lost 
in  10|  minutes ;  it  would  therefore  probably  lose  1°  in  8 
minutes  daring  the  time  of  an  experiment,  the  mean  tcm- 
povture  being  about  66° ;  and  as  the  excess  of  temperature 
at  die  beginning  and  end  of  an  experiment  above  that  of 
the  air  was  nearly  the  same  in  all  three,  the  loss  would 
be  bearly  proportional  to  the  duration  of  each.  Hence,  to 
the  acquired  heat  should  be  added,  in  the  first  experiment, 
1|° ;  in  the  second,  j°;  and,  in  the  third,  \^ ;  being  seve- 
rally pn^rtionsl  to  the  said  duration.  These  being  re- 
qpectively  added  to  the  temperatures  in  columns  V.  and. 
VI.,  give  in  the  former  81  J°,  82°  and  81  J°  i  and,  in  the 
flatter,  S3S°,  34°  and  33  J°;  and  if  either  of  these  sets  of 
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numbers  be  used  in  the  ca]cakUon>  according  ac  ona  or  fbo 
other  of  the  equations  ia  adopted  to  develope  the  Ktdt% 
they  will  be  found  to  be  117 IS  1212°  and  1245^  for  the 
sums  of  the  latent  and  sensible  heat ;  and  consequfntlj  Ihe 
latent  heat  in  each  experiment  will  be  942%  QiS**  and  95D^« 
It  maj  be  remarked,  that  no  allowance  was  made*  ia  cpl- 
ciilating  from  the  former  experiments,  for  the  beat  which 
would  be  taken  by  the  cistern*  but  which  in  the  fifft  of 
them,  lasting  two  hours,  would  probably  be  Tery  eendWiy 
and  may  account  for  the  principal  part  of  the  deficient  of 
latent  heat  brought  out  by  the  calculation  from  that  expen- 
mcnt,  in  comparison  with  that  from  the  two  sni 
ones. 


The  opinion  which  I  entertain  from  these  experiments  U 
to  the  iatent  heat  of  steam  is,  that  it  is  a  corutant  quantity* 
and  perhaps  this  opinion  obtains  support  from  the  modem 
discoveries  of  definite  proportions.  But  it  is  necewaiy* 
however,  to  explain  the  limitation  with  which  I  here  uie 
this  term,  "  constant  quantity,*'  It  is  wdl  known  that  if 
common  air  be  expanded,  cold  is  produced  ;*  and  it  mnit 
therefore  happen,  that  if  a  given  quantity  of  it  at  a  ff^ea, 
temperature,  could  be  gradually  expanded,  and  9a  it  was 
so  expanded,  gradually  supplied  with  heat,  ao  as  to  ke^  the 


*  An  opportanitjr  occarred  to  me  some  years  back,  which  enabled  sm  to 
determine,  with  tolerable  precision,  the  degree  of  cold  produced  hy  the  ea» 
pension  of  common  air  from  the  bnlk  of  two  to  three,  which  I  fotnd  tob«  IS' 
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temperature  unaltered,  thi«  aupply  of  heat  would  become 
iatrut ;  the  ihcrmometer  would  not  shew  it.  It  is  probable^ 
both  from  atmlofry  and  experiment,  thit  this  effect  takes 
p)ace  in  the  <'xpansion  of  steam.  It  is  nut  of  fhia  part  of  its 
bcatt  though  latent;  and,  in  the  experiments  above  related, 
nndistinguiiliable^  that  I  would  be  noderstood  to  speak 
when  I  stale  my  opinion  to  be  n9  Just  mentioned ;  but  it  ia 
of  that  which,  when  water  alters  its  state  to  that  of  an  elas- 
tic fluid,  becomes  essential  to  it  in  every  degree  of  ciaaticityt 
besides  that  whicli  belongs  to  its  expanded  state.  This  lat- 
ter may  be  callctl  llie  latent  heat  of  crpatisioti^*  while  the 
other  may  perhaps  properly  be  called  cmislitulionaL 

Allow  mc  here  to  illustrnte  hvpotheticaJly  this  mattOT: 
If  this  essential  or  constitutional  part  of  latent  heat  be 
added  to  water  having  the  necessary  jwjrtion  of  itmtble 
heat,  and  perfectly  confined  in  a  close  vessel,  I  conceive 
the  water  would  bo  in  the  state  of  an  elastic  fluid  ;  would  in 
fact  be  steam,  as  dense  as  water;  (possibly  compressible, 
and  capable  of  greater  density)  and  would  then  require  no 
latent  heat  of  expansion ;  but  if  the  containing  vessel  be 
now  conceived  to  expand,  for  instance  into  double  the 
space,  I  then  imagine  it  would  require  some  addition  of 
heat  during  this  expansion  to  maintain  its  proportii>nal 
elasticity.  It  must  be  observed,  however,  that  while  this 
expansion  was  calling  for  more  latent  heat,  the  sensible 
heat  necessary  for  the  diminishing  elasticity  would  be  less- 
ening i  but  it  does  not  follow  that  these  quantities  Ebould 
necessarily  balance  each  otiier  f 

When  this  fluid,  steam,  is  raised  in  low  temperatures, 
sml  of  course  under  a  low  degree  of  closticit}*,  it  obtains 


*  I  bftTV  no  view  lietc  lo  any  kiibtlaiiees  not  having  tbe  ntninl  power  of 
•ipMiuon,  u  waler,  ice,  &c.    J.  S. 

t  I  ImTe,  for  very  raaay  jcun,  mlcrlaincd  a  similar  hypothciis  ;  but  I 
ki»o»  of  uo  cxperiiucDt  wlwtcby  ibe  truth  of  it  cau  be  df  mo»>traecd  concla* 


168.  APftHDlX. 

Jrom  its  source.  At  the  sap^e  inttaDt,  not  only  the 
tional  part  of  its  latent  heat,  but  also  that  of  expantioo* 
and  thus  tiie  two  kinds  are  confounded ;  and,  in  oqteri- 
ments  where  they  arc  developed  by  total  condensatioD,  an 
only  to  be  detected  together  in  sum ;  and  it  may  be  that 
this  sum,  together  with  the  sensible  heat,  in  difierait  itatM 
of  elasUcity,  may  make  a  constant  quantity ;  bat,  if  the 
latent  heat  of  expansion  irom  a  denser  to  a  rarer  atatc^  be 
greater  than  the  diminution  of  the  sensible  heat  nccesMiy 
only  for  the  latter,  the  sum  of  the  sensible  and  total  latcDt 
heat  win  be  more  in  steam  raised  in  low  temperatoret  than 
in  high  ones,  which  the  result  of  your  experiments  mode  in 
low  temperatures  seems  to  countenance. 

In  all  that  I  have  said  above,  when  speaking  of  staam,  I 
hare  always  intended  that  fluid  in  the  state  in  which  it  ii 
raised  from  water,  wiz.  saturated  therewith ;  but  undoabtF 
ediy  this  fluid,  after  it  is  so  raised  under  any  tempentore^ 
and  beii^  clear  from  any  additional  accession  of  water» 
may  be  heated  above  that  temperature,  and  cooled  down  to 
it  again  with  changes  of  elasticity  corresponding  to  those 
of  temperature ;  like  as  common  air  may  be,  without  limi- 
tation of  temperature,  as  far  as  is  known.  This,  however, 
is  a  view  of  the  subject  which  bos  been  totally  exclud^. 


B£sio£s  the  experiments  first  related,  in  whidi  the  tei^T 
perature  of  steam  raised  under  high  pressures  was  observed, 
others  had  been  mode  some  yeors  before  (in  1797  and  8) 
for  that  purpose  only;  and  as  they  were  made  with  the 
greatest  circumspection,  both  the  manner  of  making  them 
^d  their  results  may  be  here  described,  as  may  also  the 
results  of  other  experiments,  made  with  equal  care^  tq 


APPEVDtX. 


169 


&e  femperatore  of  steam  T&ised  trader  iote  pnt- 
sorcfc 

The  instroment  used  in  the  ibrmer  was  ft  Papin*s  digest- 
er, timilar  to  what  ^rou  bad  used  in  jrour  original  ex}>cri- 
inau%  and  to  tliat  dc«cribcii  in  the  "  EncvcIopiediA  Uri- 
tunics,'*  art.  Sieam^  No.  22,  the  leading  differences  being 
In  adapting  a  metalljc  tube  to  it  to  contain  the  thcTruome- 
ter,  or  rather  as  ronch  of  it  as  contained  mercury^  in  the 
manner  mentioned  in  the  beginning  of  this  letter,  and  in- 
■tcad  of  a  valve,  by  the  load  on  which  to  measure  the 
duticity  of  tlie  contained  steam,  a  nicely  bored  cvlmder 
was  applied^  with  a  piston  fitting  it,  to  as  to  have  verj 
ttle  friction,  and  to  the  rod  of  this  was  applied  a  lever, 
istructed  to  work  on  edges  like  those  of  a  scale-beam,  by 
iich  the  resistance  against  the  clastic  force  of  the  ^team 
Id  be  accurately  determined ;  and  at  your  suggestion, 
beasanrcd  that  no  inaccuracy  had  crept  into  the  cnlcu- 
in,  by  which  this  resistance  through  the  medium  of  the 
rer  was  ascertained,  an  actual  column  of  mercury  of  ."90 
^hcs  high  was  substituted,  and  tlie  correspondence  was 
Lind  to  be  wtdiin  ^^^  of  an  inch. 

The  observations  at  each  of  the  points  of  pressure  noted 
were  continued  some  minutes,  the  temperature  nt  eacli  be- 
ing alternately  raised  and  lowered,  so  as  to  make  the  pres- 
of  the  steam  on  the  under  side  of  the  piston  altcr- 
itely  too  much  and  too  little  for  the  weight  with  which  it 
rna  loaded  j  and  thence  a  mean  temperature  was  adopted, 
le  extremes  of  which  were,  as  well  as  I  now  recollect,  not 
lore  than  half  a  degree  on  ench  side  of  it.  Tlie  load  on  the 
piston,  including  its  own  weight,  &c.  Sec.  was  calculated  to 
be  auocesslvely  ju«t  cc|ual  to  I,  ^  4,  and  8  atmospheres  of 
flC^  inches  of  mercury  each,  and  the  temperature  of  the 
^toam  was  varied  as  above  till  that  of  each  point  was  detcr- 
niincd;  the  results  wcve  thus, 
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AtnuMphcret. 

PrcHorein 
Inchttof 
Bactcutv* 

Tempen- 
turcti 

1 

29»8 

212» 

2 

59.^ 

25as 

4 

119.,2 

293.4 

8 

S38^ 

343^ 

The  experim^ts  for  ascertaining  the  tempenitiire  of 
fftcam  below  the  atmospheric  pressure  were  made  with  an 
apparatus  essentiaHy  similar  to  that  which  you  originally 
used,  and  with  scrupulous  care  and  attention :  and  I  met 
with  the  same  incidents  as  you  had  done:  such  as,  tbepnK> 
dnction  of  a  bubble  of  air  whenever,  after  any  experimoi^ 
ihe  tube  was  inclined  to  refill  the  ball ;  and  also  the  extra- 
ordinary suspension  of  a  column  of  mercury  of  35  indiet 
Tertical  height,  and  of  7  inches  of  water  above  thaty  al- 
though the  counterpoise  was  only  that  of  the  atmosphere, 
then  under  SO  inches,  I  found  also  that  the  tube  required 
a  considerable  degree  of  tabouring  or  shaking  to  make  the 
column  subside  and  leave  a  space  in  the  ball.  This  phe- 
nomenon was  not  produced  till  afler  much  pains  taken  in 
inverting  and  re-inverting  the  tube  again  and  aga{n,  nor 
till  it  had  been  suffered,  after  these  operations,  to  stand  for 
three  or  four  days  undisturbed  in  the.  exhausting  position, 
and  then  discharging  the  air  that  had  been  accumulating 
in  the  interval. 

The  results,  to  be  found  in  the  table  below,  were  de- 
duced from  the  observations  as  you  had  done,  viz.  by  add- 
ing to  the  height  of  the  column  of  mercury  in  the  tube 
(ascertained  by  a  gauge  floating  on  the  surface  of  the  mer- 
cury in  the  basin,)  that  of  the  water  above  it,  or  rather  of 
an  equivalent  column  of  mercury,  and  substracting  their 
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sum  Irom  tbe  height  of  the  conuaoa  barometer  at  the  tane* 
AU  these  results  were  tak^D  from  pbservationa  made  aflier 
the  apparatus  had  been  so  porfectlj  exhausted  of  air  as  to 
produce  the  phenomenon  just  mentioned. 


Tonp 

£la$ticit]r; 

Temp. 

Eluticity. 

Ist^et. 

9dS^. 

SdSet. 

Mean. 

IttSct 

34  Set. 

3d  Set. 

Mean. 

9 

In. 

In. 

In.   . 

In. 

0 

In. 

In. 

bu 

In. 

52 

a 

(U2 

a40 

a4i 

122 

8.58 

3.54 

8.58 

3.57 

62 

0JkS 

-052 

032 

0^2 

132 

4.68 

4j65 

4.72 

4.68 

72 

MS 

M$ 

0.7S 

0.73 

142 

6.05 

6jOO 

6.14 

eJOQ 

82 

IM 

IM 

1.02 

1.02 

152 

7.86 

7jB0 

7.89 

735 

92 

142 

1.41 

1.42 

1.42 

162 

9.98 

9J06 

10.04. 

9.99 

102 

1.96 

1^ 

1.95 

1^ 

172 

12.54 

12.72 

12.67 

12.64 

112 

2.67 

2.63 

2.66 

2.66 

182 

16.01 

15.64 

15.88 115.91 

Tbe  fialloving  formula  will  be  found  to  give  the  elastkity 
beknging  t6  a  given  temperature^  apd  nice  tfenOf  with  a 
sofficient  degree  of  accuracy  for  most  purposes,  within  the 
range  of  tbe  experiments,  at  least,  from  which  thcj  have 
been  formed. 
Let  t  =  temperature,  e  =  elasticity,  in  inches  of  mercury; 

T  =  *+5«|  and  E:=e~^  OT=9425ft000000: 


5.14 


10' 


Then 


=E 


m 

5.U 

4/liw=T. 
But  as  the  calculation  is  most  easily  performed  by  loga* 
rithms,  let  L  signify  the  logarithm  of  the  quantity  to  which 
it  is  prefixed : 

Then    5.14  LT— 10.97427  =LE 
LE+ 10,97427 
5.14 


=LT. 
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The  following  table  shows  the  observed  dastidtiet,  tlMse 
derived  from  cdculation  by  the  formnlAy  and  the  difo«neei 
of  the  two,  which  appear  to  me  to  be  as  small  as  can  he 
expected,  taking  a  general  yiew. 


1- 

ffs 

1 

h 

"w 

ow 

Q 

o 

In. 

In. 

In. 

32 

ai8 

42 

0.25 

62 

035 

62 

0^2 

0.50 

-O.02 

72 

0.73 

0.71 

—0.02 

82 

1^ 

1.01 

—0.01 

92 

1.42 

1.42 

0.00 

102 

1.95 

1.96 

+0.01 

112 

2.65 

2.67 

+0JO2 

122 

3.57 

3^8 

+0X)1 

1JJ2 

4.68 

4.74 

+0.06 

i. 

li 

II 

1 

9m 

5} 

1 

0 

In. 

In. 

la. 

142 

6.06 

6.20 

+0J4 

152 

7.85 

7.99 

+044 

162 

9.99 

iai9 

+0M 

172 

12.64 

1236 

+0^ 

182 

15.91 

16.08 

+oa7 

192 

•  •  • 

19.91 

•  •  • 

202 

... 

24^ 

«  •  • 

212 

29.80 

2930 

OyOO 

250.3 

59.60 

5939 

+009 

293.4 

119.20 

11832 

-0L8S 

343.6 

238.40 

23730 

-030 

I  believe  it  is  now  generally  considered  that  the  tempe^ 
rature  ^l€f  is  that  of  water  boiling  when  the  barometer  ii 
at  30  inches  instead  of  29.8  ;  and  if  in  the  above  algebraic 
expressions  the  following  alterations  be  made,  tiie  results 
from  the  formulae  will  correspond  with  the  adjustment  of 
that  pointy  and  fully  as  well  with  the  experiments  gene- 
rally; 

J^t  T=:<  +  51.3;  the  index  of  the  power  and  of  tht 
root  be  5.13,  instead  of  5.14;  and  m =873445000000.  Sp 
the  two  last  equations  will  be  :  5.13  LT — 10.94^12d  =  LE; 

^^  0.13 
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The  table  wiil  stand  as  fbUo^vs,  supposing  the  thermo- 
meter had  been  graduated  for  2 12°  to  correspond  with  30 
inches  of  the  barometet : 


i^ 

If 

1 

S  9 

II 

1^ 

O     ' 

In. 

lo. 

In. 

S2 

•ai6 

0.18 

+0.02 

42 

*0.23 

0.25 

+0.02 

52 

•0^ 

0.35 

0.00 

62 

052 

0.50 

-O.02 

72 

M5 

a7i 

—0.01 

82 

1.02 

im 

—0.01 

93 

1^2 

1.42 

0.00 

102 

1.96 

1.97 

+aoi 

112 

2^ 

2.68 

+OJ0I2 

•122 

3^ 

3.60 

+0.02 

132 

4.71 

4.76 

+0.05 

1 


1^ 


142 

152 

162 

172 

182 

192 

202 

212 

350.3 

293.4 

343.6 


In. 
6.10 
7-90 
10.05 
12.72 
16.01 


30.00 

60.00 

120.00 

240.00 


In. 
6.22 
8.03 
ia25 
12.94 
16.17 
20.04 
24.61 
30.00 

6aii 

119.17 
239.28 


+ai2 

+0.13 
+0.20 
+0.22 
+0.16 


0.001 

+aii 

— <Ui3 
-0.72 


I  remain^  with  the  greatest  esteem  and  respect, 
Dear  Sir, 
Your  very  obedient  Servant* 

eakkiUt  26/*  March,  1814.  JOUN  SoUTHEaAT. 

To  James  Watt,  Esq.  Heathfield. 


Tlieie  ue  inicrted  from  xtamcrout  cipettneoti  made  bj  Mr  W.  Cteightom. 
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P.  S-  Some  drcumstances  which  occiirred  In  the  per-* 
formanceof  the  cxpcrinicnU  (made  in  1797  nnd  1799)  of 
which  the  results  are  lost  related^  euggcsted  the  trials  of  i 
mixture  of  air  with  the  steam ;  and  1  made  a  few*  not  in* 
deed  with  the  greatest  nicetj,  but  ns  they  ftjrnisbed  a  strong 
probability  that  the  followitig  law  of  elasticity  of  a  gi*cfl 
mixture  was  cither  nearly  or  accurately  corroct,  it  mmy  he 
of  use  to  say,  that  tlie  apparatus  uied  in  the  steam  experi* 
ments  being  prepared  as  if  lor  a  repetition  of  them,  and  as 
perfectly  exhausted  of  air  as  for  them,  a  known  measure  of 
common  air  was  sent  up  the  tube  through  the  mercury  and 
water,  and  took  its  place  in  the  baH ;  the  water  surround* 
ing  which  was  healed,  and  its  temperature  observed  at  diA 
ferent  periods  as  before;  and  indeed  the  process  was  pre- 
cisely the  same  as  tlie  former,  with  the  additional  notke  of 
the  space  in  the  ball  occupied  by  the  expanded  air  and 
atcam  jointly.  This  process  was  repeated  three  or  four 
times  with  different  quantities  of  air,  but  the  notes  not 
being  preserved,  I  can  only  now  mention  the  conclusion 
they  induced  me  to  form  as  to  the  law  above  mentioned, 
viz.  that  whatever  the  elastic  force  of  the  air  admitted  would 
be  in  its  expanded  state,  supposing  it  dry  and  to  occupy 
the  whole  empty  space  in  the  ball  (not  occupied  by  water), 
after  adding  for  the  increase  of  its  elasticity  by  the  increase 
of  temperature,  it  was  yet  to  be  augmented  by  the  elas- 
ticity which  steam  alone  of  the  same  temperature  wotdd 
possess,  to  give  the  elasticity  of  the  mixture. 
Let  6  =  bulk  of  air  introduced  into  the  ball^  measured  be- 
fore its  introduction. 
A=:it5  elasticity  (expressed  in  inches  of  mercury,  or 

the  height  of  the  common  barometer). 
B:=bulk  occupied  by  it  jointly  with  the  steam  in  the 
ball,  when  their  common  temperature,  governed 
by  that  of  the  water  in  the  pan,  is  ^ 


VtM 

r=ntio«rdaitiGi^wliidi  the  «r  bAd  before  m- 
trodocCioo  to  what  it  would  have  bj  angmcntii^ 
its  tcH^seratoie  to  f ;  or,  wbich  k  neariy  the 
t  the  ratio  of  ezpaniioa  of  air  by  the  ai^ 
of  teno^eratore  to  /» when  onder  the 


E=piliar  of  mercoiy  (in  inches)  whidi  ttaam  of  the 
ten^Mratore  f  woold  mpport : 

Tkn  £-1 — n— =pillar<^nierciii7(in  inches)  whidi  would 

be  aii{^rted  by  the  dbsticitj  of  the  raixtore  at 

the  temperatnre  I. 
Emmfh  Sq^iose  b^l  cabic  imjhi  A=:30  indies; 
fsiOS^IOtoll^  ratio  of  dastidty  of  air  at  the  tempoft- 
Care  at  wbSA  it  was  introduced  to  what  it  wonld  possess  at 
lOSy  ooDseqpently  «»1.1$  Bad  iadM%  and  E  (by  the 
table)  1.95.  Then  1.95+iX30Xl.l-f-6=4.70  for  das- 
tici^  of  the  aaixtor^  or  cobimn  of  mercui;  it  would  sop- 
pMt. 


■r^ 

ES^^^H 

^^ 
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1                         REFERENCE  TO  THE  PLATES. 

t 
1 

^H^^F                                        FLATE 

1 

^^^^         Fig.  1.  Pulic-glass,  page  14. 

^^^^^^H        S.  $.  4.  Apparatus  for  experiments  on  the  elasticity  of  steam, 

"-1 

^^^^^^^      5.  Theory  of  the  Geyser  fountain,  p.  49. 

^^^^^H,     C,  Savaay's  Steain-Eugine, p.  50. 
^^^^^^M                    A,  The  Boiler. 
^^^^^^K                     V,  Safety- va]ve. 

^^^^^^B                         Steani-(X)ck« 
^^^^^^H                     R,  Receiver. 
^^^^^^^H                    D,  InJcctioD^cock. 
^^^^^^^H                  HG,  Suctjon-pipc ;  G,  its  valve. 
^^^^^^^H                   IK|  A»ccoiliDg-pipe.   I,  Valve. 

^^^^^^       7.  Newcomxn's  Steom-Engine,  p.  59. 

^^^^^^ 

^^^^^^^H                    Ny  Steam-r^ulator. 

^^^^^^■^                    Q,  Stcam-pipc 

^^^^^^P                    P,   Piston.    PD.  PistOD-rod. 

^ 

^^^^^^^F                           Injection-cock. 
^^^^^^Hr                    VV,  Injection-cistern  ;  /,  Snifting-valve. 
^^^^^^^H                  tf  e  gt  Eduction-pipe.    A.  Valve. 
^^^^^^^V                 HK,  WorkJng-beamS  0  itagudgeoa. 
^^^^H            FD  £0,  Archea-heads. 

^^^^^^^B                M|  Great-pump;  XLj  its  rod. 

- 

^^^^^^^^ 

^ 
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Reference  to  Plate  L 


F^.  9.  Mr  WATif «  Stetm-Engine* 
A.  Boiler. 
BC,  Steam-pipe, 

.  If  Steam-valve.    L,  Exhaustion-valve. 
Gy  Cylinder ;  g  A,  its  cover. 
P,  Piston. 
D,  Piston-rod. 
OQR,  Rduction-pipe. 
•  (  0,  lDJection>pipe. 
ST,  Air-pump. 
XYy  Hot-water  pump. 


Reference  to  PhUe  IL 

Kgi  8.  Beiohtom*s  Steam-Engtne. 
A',  Boiler. 
Z,  Steam-regulator. 
K,  Steam-pipe. 
B'  W,  Cylinder. 
P.   Piston. 
X,  Piston-rod. 

R,  Inji>ctbn-cock.  QM,  Injection-pipe. 
C  C,  Injection-cistern. 
W,  Snifting-valve. 
Mf  Eductitm-pipe. 
ikf  Injection-pump. 
M,  Great-pump. 
K  K»  Working-begm. 

Fig.  10.  On  the  eipansioa  of  steam  in  a  cylinder. 


Reference  to  Plate  IIL  Mr  Watt's  Double  Steant'Engine^ 
from  his  Specification  of  1782. 

Fig,  1 L  A  section ;  Fig.  13.  A  front  view  of  the  c^Uader,  pipes,  air-pump^ 
&c  A,  The  piston. 
rou  II.     .  H 
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By  CyHnder.     1, 1,  Steam-case  tairounding  it. 
C»8,9»  btcam-pipe  from  the  boiler. 

D   Place  of  the  upper  ateam-regulator.  or  valve. 
N,  Upper  exhausting,  or  condensing- valve. 
£,  Lower  Hteam-valve. 

F,  Lower  cxhaustJng-vRlve. 

G,  Eduction-pipe  and  condenser. 
H,  Injection- pipe  and  jet  of  water. 

L,  Valve  between  the  condenser  and  air-pump. 

K,  Air-pump,  with  its  bucket. 

Mf  flox  containing  a  valve  similar  toL. 

P,  Piston-rod. 

Of  A  toothed  rack ;  Q,  A  sector  fixed  on  the  main  lefW,  or 

beam. 
Y,  A  pinion. 

X,  A  rccifirocating  fly-wheel. 
R,  Arch-head. 

S,  Pump- rod. 
T,  Connecting-rod. 
Vf,  A  toothed- wheel. 
U,  Another  toothed-wheel. 
V,  Rotative  fly-wheel. 
3,  St  Platform  and  beams  for  fixing;  the  cylinder. 

4,  Wall  of  the  condensing-ciatenu 
5, 6.  Walls  of  the  house. 

7»  Windows  and  doors. 

Fig.  13.  Section  of  a  regulator -box,  H,  H.  J,  J. 

H  H.  Opening  from  the  cylinder;  K,  Cover  of  the  box. 

A.  Spindle,-pn88ing  through  one  side  of  the  box. 

B,  Toothed  sector,  which  workn  into  the  toothed  rackC* 

D,  The  valve;  E,  Its  seat;  F,  Guide  for  the  stem  of  the  valve. 
G,  Pipe  leading  to  the  condenser. 

Fig.  14.  Manner  of  the  action  of  the  plug'tree  on  the  levers  of  the  r^gv* 
laliog-valves. 
Q  R,  Part  of  the  plug-tree ;  P»  One  of  its  pins. 
N  O,  Lever,  moveable  on  the  axis  N. 

N  M,  An  arm  attached  to  the  same  axis,  with  a  joint  at  H,  con- 
necting it  with  the  rod  M  L. 
L  A,  I.evcr,  fixed  on  the  spindle  A. 
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Beference  to  Plate  IV,  of  Ma  Watt's  Single  Reciprocating 

Engine* 

A»  Tlie  Cylinder. 

B,  Piston. 

C,  Piston-rod. 

D,  Stuffing-box  on  the  cylinder  cover. 

E,  Steam-case  of  the  cyh'nder. 
Ff  Steam-pipe  from  the  boiler. 

Gt  Steam-oozle  and  valve,  or  regubitor. 

ly   Perpendicular  steam-pipe. 

J,   Edaction-pipe. 

K,  Eqailibrium- valve  and  nozle. 

L,  Exhaustion- valve  and  nozle. 

M,  Condenser. 

N,  Injection-cock. 

Of  Blow- valve  pipe. 

P,  Air-pumpw  * 

Q,  Air-pump  bucket  and  rod. 

R,  Lower  valve  of  the  air-pump. 

St  Upper  valve.    (The  hot-water  pump,  represented  in  section  of 

Albion-Mill  engine,  waa  discontinued  about  this  time.) 
Ua  Purap  for  supplying  boiler. 
V,  Injection,  or  cold-water  pump. 
Y,  Working-gear  of  the  nozle,  nr  regulator  valves. 
%,  Plug-tree,  which  acts  on  the  working-gear. 

a,  Main  lever,  or  workiug^beara. 
1^  Gudgeon  of  the  main-lever. 

C  Straps  for  strengthemng  the  beam,    d,  King-post^ 

c^  Arch-heads. 

ff  Chains  for  the  piston-rod  and  pump-rod. 

g.  Arch-heads  and  chains  for  the  air-pump. 

b.  Rod  of  the  great  pump. 
i.  Bucket 

j.   Working  barrel  of  the  pump. 

k.  Clack. 

D,  Boiler,    o,  Flues  on  the  aides  of  it. 

p.  Grate. 

T,  Damper,    s,  Chimney. 

ty  Feed-pipe. 
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Reference  to  Pktet  F.  VL  FJL  Fill,  of  one  of  tk 
Albion'Mill  Steamr  Engines 

(All  the  Letters  are  not  to  be  found  on  ahy  one  of  the  PlaUk} 

A»  The  cylinder,  34  inches  diameter. 

B,  Piston,  which  makes  a  stroke  of  eight  feeU 

C,  Piston-rod. 

D,  Sttiffio^-box  on  the  cylinder  cover. 

E,  Steam-case  of  the  cylinder  r  e*  syi^ion  to  empty  tt  of  waler. 

F,  Steam-pipe  from  the  boiler ;  /,  a  pipe  to  supply  cyUnder^aM* 

G,  Upper  steam-nozle  and  valve,  or  regulator-box  and  regulator. 
H,  Up|>er  exhaustiun-nozle  and  valve. 

I,  Pcr|)endicular  steam-pipe. 

J,  Eduction-pipe. 

K,  Lower  steam-nozle  and  valve. 

L,  Lower  exhaustion-nozle  and  valve. 

M,  Condenser,  immerbed  in  a  cistern  of  cold  water. 

N,  hijectioQ-cock  (always  open  when  the  engine  w<tfkt.) 

O,  Blow-valve. 

P,  Air-pump. 

Q,  Lower  valve  of  air-pump. 

R,  Air-pump  bucket  and  rod. 

S,  Upper  valve  of  air-pump. 

T.  I  Jot-water  pump,  with  its  bucket  and  rod. 

U,  (.\»ld-water  pump. 

V,  Pump  for  supplying  boiler. 

W,  Governor,  turned  by  a  band  from  the  fly-whed  shaft. 
X,  r^xer  and  rod  to  connect  governor  with  the  tfaroCtle^ve  •!  ^ 
Y,  Working-gear  of  the  nozle-valves. 
Z,  Plug-tree,  which  acts  on  the  working-gear. 

8,  Main  lever,  or  working-beam. 

b.  Its  main  gudgeon. 

c.  Perpendicular  links  of  the  parallel  motion. 

d.  Parallel  bars. 

e.  Regulating  radiuses. 

f.  Small  perpendicular  links. 

g.  Secondary  parallel  motion  for  the  air-pump. 
h.  Connecting-rod. 

i,  PIanct-wheeI«  fixed  to  the  connecting  roJ. 
j.  Sun-wheel. 
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J[,  F)y*<wheel  shaft,  on  which  the  sun-wheel  is  fixed. 
I,  Connecting-link,  to  retain  the  planet-wheel  in  its  ortut. 
■n,  Fly-wbetl. 
n,  Boiler. 

Oy  Tube  through  the  boiler  and  flues  round  iL 
p,  Grate. 

^  Feeding-moutlk  ^ 

r.  Damper. 
I,  Chining. 
t,  Feed-pipe, 
u,  Gage-pipes  and  cocks. 
V,  SaiclT'valTe. 
w,  Bevil-wheels  of  the  nulL 
z,  Upright  shaft 
7,  Large  spur-wheeL 
z.  Pinions. 


Detei^ption  of  the  Method  of  Working  the  Alfnon^Mill 
Etigineu    Plata  F.  VL  FIL  FIIL 

Ihe  steam-pipe  F  (Plate  VI.)  cooTeys  steam  froni  the  boiler  ii  to  the 
(m^pipe,  or  upper  steam-nozle  G,  and  by  the  perpendicular  steam- 
P^  I,  to  the  lower  steam-nozle  K.  In  the  nozle  G  is  a  valve,  which, 
wiia  open,  admits  steam  into  the  cylinder  abov^the  piston  B,  (Plate 
V.)  through  the  horizontal  square  pipe  at  its  top ;  and  in  the  tower 
MeuhooEle  K  there  is  another  valve,  which,  when  open,  admits  steam 
nto  the  cylinder  below  the  piston.  In  tlie  upper  exhaustion- nozle  H 
II I  ralve,  which,  when  open,  admits  steam  to  pass  from  the  cylinder 
*^  the  piston  into  the  exhaustion -pipe  J,  which  conveys  it  to  the 
^oiuleiising-vesse]  M,  where  it  meets  the  jet  of  the  injection  from  the 
cod  N»  and  ia  reduced  to  water;  and,  in  the  lower  exhaustion-nozle L, 
Im  is  also  a  valve,  which,  when  open,  admits  steam  to  peas  out  of  the 
cylader  below  the  piston,  by  the  eduction-pipe,  into  the  condenser  M. 

The  engine  being  at  rest,  the  cylinder  quite  cold,  and  the  oondenser- 
*»tem  full  of  water,  when  the  water  in  the  boiler  begins  to  boil,  steam 
*>11  enter  by  the  small  pipe/  (Plate  VI.)  into  the  space  between  the  cy- 
Iw  and  the  heating-case  £,  which  will  expel  the  air  contained  in  that 
'PKe,  and  between  the  two  bottoms  of  the  cylinder,  at  a  cock  fixed  in 
the  outer  bocton,  which,  when  all  the  air  Is  expelled,  and  tlie  cylinder 
"lonHigUy  warmed,  is  to  be  shut,  and  the  water  which  may  be  formed 
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in  these  spaces  during  the  working  of  the  engioe,  wiD  Isaoe  bj  tbe  » 
verted  sjpbon  e. 

Things  being  in  this  situation  to  produce  a  commenoenKnt  of  nwtioiv 
the  first  operation  is  to  open  all  the  four  valves,  O,  H,  K,  L;  (the  mJBOi 
tion-cock  being  shut)  the  steam  wiU  drive  the  air  out  of  the  ateam  wbA 
exhaustion-pipes  I  and  J,  and  out  of  the  condenser  M,  through  tfe 
blow-pipe  and  its  valve  O,  (Plate  VI.}  and  as  soon  as  this  is  succeeded 
by  a  sliarp  crackling  noise  in  the  little  astern  O,  the  valves  are  to  hi 
shut  until  it  is  thought  that  the  steam  which  has  entered  is  mostly  000^ 
densed. 

The  same  operation  is  to  be  repeated,  givisg  a  longer  time  to  cool  b» 
twcen  the  times  of  blowing,  until  it  is  found  that,  upon  opeoing  the  » 
jection-cock,  some  water  will  enter,  and  the  barometer  shall  shew  sooe 
degree  of  exhaustion,  after  which,  the  repetition  of  blowing  will  soot 
empty  the  cylinder  of  air. 

The  piston  being  then  at  the  top  of  its  stroke,  the  valves  G  and  L  wt 
to  be  o|>ened,  and  the  fly-wheel  m  (Plate  V.)  turned  by  hand  about  oas* 
eighth  of  a  revolution,  or  more,  in  the  direction  in  which  it  is  intended 
to  move ;  the  steam  which  is  then  in  the  cylinder  will  pass  by  I.  intotltt 
condenser,  when,  meeting  the  jet  of  water  from  the  injection-cock,  it 
will  be  converted  into  water,  and  the  cylinder  thus  becoming  exbaortel. 
the  steam,  entering  the  cylinder  by  the  valve  G,  will  press  upoo  the  pii> 
ton  and  cause  it  to  descend,  while,  by  its  action  upon  the  workin^bCiB- 
through  the  piston-rod,  &c.,  it  pulls  down  the  cylinder-end  of  the  beao^ 
and  raises  up  the  outei^end  and  the  connecting  rod  A,  which  causes  the 
planet-wheel  i  to  tend  to  revolve  round  the  sun-wheel  j;  but  the  fixK" 
er  of  these  wheels,  t^tng  fixed  upon  the  connecting-rod  sothatitooMt 
turn  upon  its  own  axis,  and  its  teeth  being  engaged  in  those  of  the  wa^ 
wheel,  the  latter,  and  the  fiy-whecl,  upon  whose  axle  or  shaft  it  is  fixedly 
are  made'  to  revolve  in  the  desired  direction,  and  give  moUoo  to  the 
mill-work. 

As  the  piston  descends,  the  plug-tree  Z  also  descends,  and  a  damp,  or 
slider  9,  (Plate  V.)  fixed  upon  the  side  of  the  plug-tree,  presses  upon  the 
handle  1  of  the  upper  Y-sbafc,  or  axis,  and  thereby  shuts  the  valves  G 
and  L,  and  the  same  operation,  by  disengaging  a  detent,  permits  a 
weight  suspended  to  the  arm  of  the  lower  Y-shaft  to  turn  the  shaft  upoa 
its  axis,  Hnd  thereby  to  open  the  valves  K  and  H.  The  moment  pi^ 
vious  to  the  opening  these  valves,  the  piston  had  reached  the  lowcrt 
part  of  iu  stroke,  and  the  cylinder  above  the  piston  was  filled  with 
steam ;  but  as  soon  as  H  is  opened,  that  steam  rushes  by  the  ediicttoa- 
pipe  J,  into  the  condenser,  and  the  cylinder  ubvfve  the  piston  beeomee 
exhausted.    The  steam  from  the  boiler  entering  by  I  and  K,  (Plate  VL) 
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upon  the  loaer  bMp  of  tiie  piston,  and  forcc^t  it  to  return  to  the  top 
of  the  cylinder.  When  ihc  piston  is  verj-  ne»r  the  upper  termination  of 
its  »troke«  a  'other  slider  a  raises  the  handle  2,  and,  in  so  doing,  disen;^- 
ges  the  catch  which  perroils  the  upper  Y*shaft  to  revolve  upon  its  own 
axis,  and  open  the  valvch  G  aud  L,  and  the  downward  stroke  recoa>- 
menccs  as  hna  been  related. 

When  the  pi*ton  descends,  the  buckets  II,  T  of  the  air-pump  P  and 
hot  water  ptitnp  T  ilso  descend.  T^c  water  which  is  contained  in  these 
pumps  passes  through  the  valves  of  their  bnrkcts,  and  is  drawn  up  and 
dischnrged  by  them  through  the  lander  or  trough  /,  by  the  next  df^&ccnd. 
ing-stroke  of  the  piston.  Part  of  this  water  it  raised  up  by  the  puoip  V, 
for  the  supply  of  the  boiler,  and  the  rest  runs  to  waste. 


Tarticular  Description  of  the   Mechanism  which  oprm  and 
diuts  the  Nozie-valves  or  Regulators.  Plate  P'U.  Fig.  2.* 


The  pis^ton  approaching  tlie  top  of  the  cylinder,  the  slider  a  fu«trned 

uj>on  the  pliie-trec  Z,  raises  up  the  handle  &.  whiL'h    is  fixed  upon  the 

lowtf  Y-5haft,  or  axis  r,  as  is  the  detent  rf,  and  \\\c  brtcr  takes  hold  of 

the  double-ended  catch  e ;  but,  in  doing  thii,  the  upper  end  o(  the 

catch  allowrs  die  detent,/"  to  escape,  and  a  weight  hung  to  the  r<xl^ 

titrn4  the  axis  k.     The  arm  j,  and  rod  ;,  are  moved  out  of  the  straight 

line  •:  l^  and  by  a  lever  k  turn  the  spindle  m  in  the  upper  nozle,  which, 

^  trteans  of  o  tuoChed -sector  n,  and  rack  o,  raises  the  valve  p^  and  ad- 

Biiti steam  into  the  cj'linder  abavi  the  piston  through  the  horizontal  pipe 

A.    At  the  same  time,  another  nrni  u,  fixed  upon  the  same  Amiu  by 

■icanf  of  the  rod  w^  acU  upon  a  t>pindle,  &c.,  in  the  lower  nozle,  and 

opens  the  exhaustion- valve  L,  (Plate  V.)  and  thereby  forms  a  communi- 

ttUon  between  the  cylinder  beiotc  the  pi<;ton  and  the  condenser.     The 

piitMl  now  descending,  another  glider  q^  moves  the  handle  r  into  thcpo* 

Wiou  i;  (his  raises  the  weight  ^,  while  i  and  k  are  brought  buck  to  the 

po«itjon  /,  and  the  valves  p  tkru\  L  arc  shut.     The  detent  /,  in  acting 

Df"-'"  the  CAtch  e,  disengages  d ;  the  lower  Y-sbaf^  turns  upon  its  n\\9, 

and  two  arms  otthched  to*  it  (similar  to  ilio&e  ti]>on  the  upper  Y'Slmfty 

which  are  omitted  to  avoid  confusion)  by  UK-aiis  of  the  rod  x  and  y^  open 

the  lower  steam-valve  K,  (Fhite  V.)  and  the  upper  exiiaugtion- valve  /. 


*  In  the  plan,  only  one  of  the  Y-thafia  i>  thowDj  and  tbc  lefCd  which 
«pcn  and  that  cba  stcau-valve  u(  the  upper  ousle. 
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The  cylinder  above  the  piston  becomes  exhausted,  and  the 
log  below  ity  causes  the  piston  to  reascend.* 


Description  of  the  Governor. 

The  governor  W  (Plate  V.)  consists  of  a  perpendicular  ajus  .which  b 
put  in  motion  by  means  of  a  band  passing  round  a  pulley  fixed  upon  ^ 
and  round  another  pulJey  fixed  upon  the  main-shaft  k,  (Plates  VELaod 
VI 11.)  Two  heavy  balls  are  appended  to  this  axis  by  meanaof  two 
rods  which  cross  each  other  in  a  mortise  formed  in  the  upper  part  oftht 
axis*  Afler  crossing  each  other,  these  two  rods  are  bent  outwards  ia  s 
contrary  direction,  and  to  them  are  jointed  two  short  pieces,  the  otbr 
ends  of  which  join  to  n  collar  capable  of  sliding  up  and  down  opoa  dc 
upper  part  of  the  axis,  forming  altogether  an  assemblage  rrawnhlmg  tm 
of  the  joints  of  a  tobacco  tongs;  so  that,  wheo  the  balls  recede,  whk4 
happens  from  the  centrifugal  force  given  by  any  increase  of  velocr^  «f 
the  main-shaft,  the  collar  is  depressed,  and,  vice  verjo,  raiaed  wfaea  thi 
velocity  diminishes ;  and,  by  its  action  upon  the  double-ended  lever  Sb 
which  is  ctmnected  with  an  arm  fixed  upon  the  spindle  t  of  the 
valve,  admits  more  or  less  steam  to  the  cylinder  as  the  cai 


*  This  construction  of  the  ftos2«*regH'a(ors  and  wnldmg  gear  was  in  oisit 
the  time  Dr  Robison  cotnposied  his  £uay«  but  several  material  altcrati— 
have  siuce  been  made  in  it ;  an  account  of  which  1  mast  leaTe  to  Miae  fo* 
tare  historian,  as  they  do  not  fall  within  the  Kope  of  these 
Dr  B.'i  Essay. 
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1  lie  term  Machine  is  now  vulgarly  given  to  a  great  vari- 
ety of  subjects,  which  have  very  little  analogy  by  which 
tticy  can  be  classed  with  propriety  under  any  one  name. 
We  say  a  travelling  machine^  a  bathing  machine,  a  copy- 
ing machine,  a  threshing  machine,  an  electrical  machine, 
&c.  Ac-  The  only  circumstance  in  which  oil  these  agree 
•eems  to  be,  that  their  construction  \s  more  complex  and 
artiBcial  than  the  utensils,  tools,  or  instruments,  which  offer 
themselves  to  the  first  thoughts  of  uncultivated  people. 
Iliey  are  more  artificial  than  the  common  cnrt,  thu  bath- 
ing tub,  or  the  flail.  In  the  language  of  ancient  Athens 
And  Rome,  the  term  was  applied  to  every  tool  by  which 
liard  labour  of  any  kind  was  perlbrmed  \  but,  in  the  lan- 
guage of  modem  Europe,  it  seems  restricted  either  to  such 
took  or  instruments  as  arc  employed  for  executing  some 
ihikwophica]  purpose,  or  of  which  the  construction  em- 
ploys the  simple  mechanical  powers  in  a  conspicuous  man- 
ner, in  which  their  operation  and  energy  engage  the  at- 
itcntioQ.  An  electrical  machine^  a  centrifugal  machine,  are 
of  the  first  class;  a  threshing  machine,  a  fire  machine,  arc 
of  the  other  class.  It  is  nearly  synonymous,  in  our  lan- 
B™g^>  with  £NGiKBs  a  term  altogether  modern,  and  in 
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some  measure  bonourablc^  being  bestowed  only,  or  cbieAja 
on  contrivances  for  executing  work  in  which  ingenuity  and 
mechanical  skill  are  manifest.     Perhaps,  indeed,  the  term 
engine  is  limited,  by  careful  writers,  to  machines  of  consi- 
derable magnitude,  or  at  least  of  considerable  art  and  coa- 
trivance.     We  say,  with  propriety,  steam-engine,  fire^n- 
gine,  plating-engine,  boring-engine ;  and  a  dividing  ma^ 
chine,  a  copying  machine,  &c.     Either  of  these  terms, 
machine  or  etiginf,  are  applied  with  impropriety  to  contri- 
vances in  which  some  piece  of  work  is  not  executed  on 
materials  which  are  then  said  to  be  manufactured.     A  tra- 
Tclling  or  bathing  machine  is  surely  a  vulgarism*     A  ma- 
chine or  engine  is  therefore  a  tool  ;  but  of  complicated 
construction,  peculiarly  fitted  for  expediting  labour,  or  for 
performing  it  according  to  certain  invariable  principles: 
and  we  should  add,  that  the  dependence  of  its  efficacy  on 
mechanical  principles  must  be  apparent,  and  even  conspi- 
cuous.   The  contrivance  and  erection  of  such  works  con- 
stitute the  profession  of  the  engineer ;  a  profession  which 
ought  by  no  means  to  be  confounded  with  that  of  the  me- 
dianic,  tlic  artisan,  or  manufacturer. 


By  far  the  greatest  number  of  our  most  serviceable  en- 
gines consist  chiefly  of  parts  which  have  a  motion  of  rota- 
tion round  fixed  axes,  and  derive  all  their  energy  from 
levers  virtually  contained  in  them.  And  these  acting  ports 
are  also  material,  retjuiring  force  to  move  them  over  and 
above  what  is  necessary  for  producing  the  acting  force  at 
the  working  part  of  the  machine,  llic  modificaLions  which 
this  circumstance  frequently  makes  of  the  whole  njotionsof 
the  machine,  are  indicated  in  the  article  Rotatiok  (see 
vol.  i.)  in  an  elementary  way ;  and  the  propositions  there 
investigated  will  be  found  almost  continually  involved  in  the 
complete  theory  of  the  operation  of  a  machine.  Lastly,  it  wiO. 
be  proper  to  consider  attentively  the  propositions  contained 
i/i  the  article  Strength  of  Materiaist  that  we  may  oombiae 
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ttiexn  with  Hiose  which  relate  wholly  to  the  worlting  of  the 
mnchine ;  because  it  is  from  this  combination  only  that  we 
discover  the  strains  wliich  are  excited  at  the  various  points 
of  support,  and  of  communication,  and  in  every  member 
of  the  machine.  We  suppose  all  these  things  already  un- 
derstood. 

78.  Our  object  at  present  is  to  point  out  the  principles 
whidi  enable  us  lo  ascertain  what  will  be  the  precise  mo- 
tion of  a  machine  of  given  construction,  when  actuated  by 
a  natural  power  of  known  intensity,  applied  to  a  given  point 
of  the  machine,  while  it  is  employed  to  overcome  a  known 
resistance  acting  at  another  point.  To  abbreviate  language^ 
we  shall  call  that  tlic  impelled  point  of  the  machine  to 
which  the  pressure  of  the  moving  power  is  immediately  ap- 
plied; and  we  may  call  that  the  WORKING  POINT,  where  the 
resistance  arising  from  the  work  to  be  perfoimed  imme- 
diately acts. 

To  consider  this  important  subject,  even  in  its  chief  va- 
rieties, requires  much  more  room  than  can  be  allowed  in 
a  work  like  this,  and  therefore  wc  must  content  our- 
selves with  a  very  limited  view ;  but,  at  the  same  time, 
such  a  view  as  shall  give  sufficient  indication  of  the  prin- 
ciples which  should  direct  the  practical  reader  in  every  im- 
portant case.  We  shall  consider  those  machines  which 
perform  their  motions  round  fixed  axes ;  these  being  by 
far  the  most  numerous  and  important,  because  they  involve 
in  their  construction  and  operations  all  the  leading  prin- 
ciples. 

79.  That  we  may  proceed  securely,  it  is  necessary  to 
have  n  precise  and  adequate  notion  of  moving  force,  as  ap- 
plietl  to  machinery,  and  of  its  measures,  Wc  think  this 
peculiarly  necessary.  Different  notions  have  been  enter- 
tained on  this  subject  by  Mr  Leibnitz,  Des  Carles,  and 
other  eminent  mechanicians  of  the  last  century;  and  their 
successors  have  not  yet  come  to  an  agreement.  Nay,  some 
of  the  most  eminent  practitioners  of  the  present  times,  (for 
we  must  include  Mr  Smealon  in  the  number,)  have  given 
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meftsures  of  nicclianical  power  in  mftchincry  wlitcb 
iliitik  inaccurate^  and  tending  to  erroneous  concJu&ions 
maxims.* 

We  take  for  the  mcabure  (as  it  is  the  efect)  of  e: 
mechanical  power  the  quantity  of  motion  which  it  prodfll 
by  its  uniform  exertion  during  some  given  time.  We  soy 
uniform  exertion,  not  because  this  uniformity  is  neconryi 
but  only  because,  if  any  variation  of  the  exertion  bas  takes 
place,  it  must  be  known,  in  order  to  judge  of  the  power. 
This  would  needlessly  complicate  the  calculations  *,  but  ia 
whatever  way  the  exertion  may  have  varied,  the  whole  m> 
cumulated  exertion  is  still  accurately  measured  by  llie  quan- 
tity of  motion  existing  at  the  end  of  the  exertion.  The 
reader  must  perceive  that  this  is  the  same  thing  that  is  C3^ 
pressed  in  die  article  Dynamics,  (voL  i.  p.  108)  by  the 
area  of  the  figure  whose  abscissa  or  axis  represents  the 
time  of  exertion ;  and  the  ordinates  arc  as  the  pres- 
sures in  the  diflercnt  instants  of  that  time,  the  whole  being 
multiplied  by  the  number  of  particles,  (that  is,  by  tlie  qoaa* 
tity  of  matter,)  because  that  figure  represents  the  quantity 
of  motion  generated  In  one  particle  of  matter  only.  AD 
this  is  abundantly  clear  to  persons  conversant  in  these  diir 
quisitions  ;  but  we  wliih  to  carry  along  with  us  the  distinct 
conceptions  of  that  useful  class  of  readers  whose  profearioD 
engages  them  in  the  construction  and  employment  of  ma- 
chines, and  to  whom  such  discussions  arc  not  so  Ikmiliar. 
We  must  endeavour,  therefore,  to  justify  our  choice  of 
measure  by  appealing  to  familiar  facts. 

If  a  man,  by  pressing  uniformly  on  a  mass  of  matter 
five  seconds,  generates  in  it  the  velocity  of  eight  feet  p«r 
second,  we  obtain  an  exact  notion  of  the  proportion  of  ihii 
exertion  to  die  mechanical  exertion  of  gravity,  when  wa 
say  that  the  man's  exerted  force  has  been  precisely 


*  A  very  »ble  pnprr  in  support  of  Smcaton's  mcuurc  of  moYinf;  forc<#  bt 
Mr  EwitH,  will  be  tuimd  hi  tlto  Mancbmci  Mciuotr\  toI.  ii.  p.  Hi*— £>. 
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fcdi  part  of  the  action  of  grarity  on  it ;  for  we  know 
ihaX  the  weight  of  that  body  (or,  more  properly,  its  hean- 
nns)  would,  in  five  scconJs,  have  given  it  (he  velocity  of 
IGO  feet  per  second,  by  acting  on  it  during  its  fall.  But  let 
D*  otteod  more  closely  to  what  we  mean  by  saying  that  the 
exerted  force  la  one-twentieth  of  the  exertion  of  gravity. 
The  only  notion  we  have  of  the  exertion  of  gravity  is  what 
we  call  the  weight  of  the  body— the  pressure  which  we  feel 
it  make  on  our  hand.  To  say  that  this  is  20  pounds  weight 
doe»  not  explain  it ;  because  this  is  only  the  action  of  gra* 
vity  on  another  piece  of  matter.  Both  pressures  are  the 
fiame.  Bat  if  tlie  body  weighs  20  pounds^  it  will  draw  out 
the  rod  of  a  gteelyard  to  the  mark  2(X  The  rod  is  so  di- 
Tided,  that  the  SOth  part  of  this  pressure  will  draw  it  out 
to  I .  Now  the  fact  is,  that  if  the  man  presses  on  the  mass 
of  20  pounds  weight  with  a  spring  steelyard  during  five  »^ 
conds,  and  if  during  that  time  the  rod  of  the  steelyard  was 
always  at  the  mark  1,  the  body  will  have  acquired  the  velo- 
city of  eight  feet  per  second.  This  ia  an  acknowledged 
&ct.  Therefore  we  were  right  in  saying,  that  the  man's  ex* 
ertton  is  one-twentieth  of  the  exertion  of  gravity.  And 
rinoe  we  believe  the  weight  of  bodies  to  be  proportional  to 
their  quantity  of  matter,  all  matter  being  ecjually  heavy,  we 
niAy  say,  that  the  man's  exertion  was  equtd  to  the  action  of 
gravity  on  a  tpiantity  of  matter  whose  weight  is  one  pound. 
M'e  eicpress  it  much  more  fauiiliarly,  by  saying,  that  the 
man  exerted  on  it  the  pressure  of  one  pound  of  matter,  or 
the  force  of  one  pound. 

In  this  manner,  the  motion  communicated  to  a  mass  of 
matter,  by  acting  on  it  during  some  time,  intbrms  us  witli 
accufBcy  of  the  real  mechanical  ibrce  or  pressure  which  has 
been  exerted.  This  is  judged  to  be  double  when  twice  the 
Telocity  has  been  gcnerate<l  in  the  same  mass,  or  where  the 
ttme  velocity  has  been  generated  in  twice  tlie  mass;  be- 
we  know  that  a  double  pressure  would  have  done 

Cher  the  one  or  the  other. 

But  iartber :  we  know  tliat  this  pressure  is  the  exertion ; 
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we  have  no  other  notion  of  our  own  force;  and  our  cotton 

of  gravity,  of  elasticity,  or  any  other  natural  force,  is  the 
same.  We  also  know  that  the  continuance  of  this  exertion 
fatigues  and  exhausts  our  strength,  as  completely  as  the 
most  violent  motion.  A  dead  pullj  as  it  is  called,  of  a  horsei 
at  a  post  fixed  in  the  ground,  is  a  usual  trial  of  his  strength, 
No  man  can  hold  out  his  arm  horizontally  for  much  more 
than  a  quarter  of  an  hour;  and  the  exertion  of  the  last 
minutes  gives  the  most  distressing  fatigue,  and  disables  the 
shoulder  from  action  for  a  considerable  time  after.  This  is 
therefore  an  expenditure  of  mechanical  power,  in  the  strict 
primitive  sense  of  the  word.  Of  tin's  expenditure  we  have 
an  exact  and  adc<jaate  eflTect  and  measure  in  the  quantity 
of  motion  produced;  that  iii,  in  tlie  product  of  tlie  quantity 
of  matter  by  the  velocity  generated  in  it  by  this  exertion* 
And  it  must  be  particularly  noticed,  that  this  measure  is 
applicable  even  to  cases  where  no  motion  is  produced  by 
the  exertion  ;  that  is,  if  we  know  that  the  exertion  which 
18  just  unable  to  start  a  block  of  stone  lying  on  a  smooth 
stone  pavement,  but  would  start  it,  if  increased  by  the 
smallest  axidltion;  and  if  we  know  that  this  would  generate 
in  a  second  32  feet  of  velocity  in  a  100  pounds  of  matter, 
we  are  certain  that  it  was  a  pressure  equal  to  the  weight  of 
this  100  pounds.  It  is  a  good  measure,  though  not  imme- 
diate, and  may  be  used  without  danger  or  mistake  when  we 
have  no  other. 

80.  The  celebrated  engineer,  Mr  Smeaton,  in  hia  excel- 
lent dissertation  on  (he  power  of  water  and  wind  to  drive 
machinery,  and  also  in  two  other  dissertations,  all  publidi- 
ed  in  the  Philosophical  Transactiontj  aud  afterwards  £a  a 
little  volume,  has  employed  another  measure,  both  of  the 
expenditure  of  nieclianical  power,  and  of  the  mechanical 
effect  produced.  He  says,  tliat  the  weight  of  a  body»  muU 
tiplied  by  the  height  through  which  it  descends,  wliile  dti* 
ving  a  machine,  is  the  only  proper  measure  of  the  power 
expended;  and  that  the  weight,  multiplied  by  the  height 
through  which  it  is  ttniformiy  raised,  is  the  only  proper 
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of  the  effect  produced.  And  he  produces  a  large 
inun  of  accurate  experiments  to  prove  that  a  certain  weight, 
deKending  ihrougli  a  certain  space,  always  produces  the 
effect,  whether  it  has  descended  swiftly  or  slowly,  em- 
ing  little  or  much  time. 
Had  this  eminent  engineer  proposed  this  as  a  popular 
fure,  of  easy  comprehension  and  remembrance,  and  as 
^'yreli  accommodated  to  the  uses  of  those  engaged  in  the  con- 
struction of  machines,  when  restricted  to  a  certain  class  of 
cases,  it  might  have  answered  very  goo<l  purposes ;  but  the 
author  is  at  |iains  to  recommend  it  to  the  philosophers  as  a 
necessary  correction  of  their  theories,  which,  he  says,  tend 
to  mislead  the  artists.  His  own  reasonings  terminate  in  the 
same  conclusion  with  Mr  Ivcibnitz's,  namely,  that  the  power 
of  producing  a  mechanical  effect,  and  the  effect  produced, 
are  proportional  to  the  square  of  the  velocity.  The  deference 
jnstly  due  to  Mr  Smcaton's  authority,  and  the  influence  of 
tis  name  among  those  who  are  likely  to  make  the  most  use 
of  his  instructions,  render  it  necessary  for  us  to  examine 
this  matter  with  some  attention. 

Mr  Smeaton  was  led  to  the  adoption  of  this  measure  by 
his  professional  habits.  Raising  a  weight  to  a  height  is,  in 
le  shape  or  another,  the  general  task  of  the  machines  he 
'was  employed  to  erect ;  and  wc  may  add,  the  opportunities 
of  expending  the  mechanical  powers  of  nature  which  arc  in 
our  command,  are  generally  in  this  proportion.  A  certain 
daily  supply  of  water,  coming  from  a  certain  height,  is  our 
opportunity,  and  may  very  properly  be  said  to  be  cx- 
ided. 

81.  This  being  the  general  case,  the  measure  was  obvious, 
and  natural,  and  good.  The  power  and  efi'ect  were  of  the 
^■unekind,  and  mmt  be  measures  of  each  other;  at  least,  in 
those  circumstances  in  which  they  were  set  in  opposition. 
Yet  even  here  Mr  Smeaton  was  obliged  to  make  a  restric- 
tion of  his  measures  :  •*  Tlie  height  through  which  a  body 
and  equo/fi/  descended,  or  to  which  it  was  raised." 
ind  why  waa  thib  liDiitation  necessary  ?  <'  Because  in  rapid 
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or  accelerated  motions,  the  inertia  of  bodies  ocauionad 
some  variation."  But  thiis  is  too  vogue  language  for  phUo- 
fiophical  disquisition.  Besides,  wliat  ia  meant  by  this  vari^ 
tion  ?  What  is  the  standard  from  which  the  uorectiictod 
measure  varies  ?  This  standard,  whatever  it  is,  is  tlie  true 
measure^  and  it  was  needless  to  adopt  any  other.  Now,  the 
standard  from  which  Mr  Smeaton  efttimntes  the  deviaUoOt 
is  the  very  measure  which  we  wish  to  employ,  namely^  the 
quantity  of  motion  produced.  Stricdy  speaking,  even  thi« 
ia  not  the  immediate  measure.  The  immediate  measure 
ifi  that  faculty  which  we  call  pressure.  This  is  the  interme- 
dium preccivablc  in  oil  productions  of  tnotioo  ;  and  H  it 
also  the  intermedium  of  mechanical  effect,  even  when  mo- 
tion is  not  produced  ;  as  when  the  weight  oCa  body  lieods 
a  spring,  or  the  elasticity  of  a  body  supporta  another  pres- 
sure. How  it  operates  in  all  or  any  of  these  cases,  we  know 
not;  but  we  know  that  all  these  measures  of  pressure  agree 
with  each  other.  A  double  quantity  of  motion  will  bead  a 
spring  doubly  strong,  will  raise  a  double  weight,  will  widl>- 
fitand  any  double  pressure,  &c.  &c.  In  short,  pressure  is  the 
immediate  agent  in  every  mechanical  phenomenonj  It  pe- 
netrates bodies,  overcoming  their  tenacity;  it  oTercomct 
friction;  it  balances  pressure;  it  produces  motion.  Mr 
Smeaton*8  measure  is  only  nearly  true,  in  any  case;  and  in 
all  cases  it  is  far  from  being  exact  in  the  first  instants  of  the 
motion,  during  its  accclerniion  or  retardation. 

We  have  already  noticed  tlic  complete  expenditure  of 
ajiimal  power  by  continued  pressure,  even  when  niotioo  k 
not  produced  ;  the  only  difficulty  is  to  connect  this  in  a 
measurable  way  with  the  power  which  the  sumo  exertion 
has  of  generating  motion  in  a  body. 

VVhen  a  man  supports  a  weight  for  a  single  iusuiot,  be 
certainly  balances  the  pressure  or  action  of  gravity  on  that 
body  j  and  he  continues  this  action  as  long  ns  he  continoes 
to  support  it :  and  we  know  that  if  this  hotly  were  at  tbc 
end  of  a  horizontal  arm  turning  round  n  vertical  axis  the 
same  eObrt  which  the  man  exerted  in  merely  carrying  the 
10 
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weigbW  ifnov  cxerUd  on  the  body,  by  pushing  it  horizon* 
taUy  round  the  axis,  will  generate  in  it  the  same  velocity 
which  gravity  would  generate  by  its  falling  freely.  On  this 
authority,  therefore,  we  say,  that  the  whole  accumulated 
action  of  a  man,  when  he  has  just  carried  a  body  whose 
weight  is  SO  pounds  for  one  minute,  is  equal  to  the  whole 
cauftion  of  gravity  on  it  during  tliat  minute ;  and,  if  em- 
ployeds  not  to  counteract  gravity,  but  to  generate  motion^ 
would  generate,  during  that  minute,  the  same  motion  that 
ivity  would,  that  is,  60  X  3£  feet  velocity  per  second,  in 
mass  of  SO  pounds.  There  would  be  30  pounds  of  matter 
ing  with  the  velocity  of  1920  feet  per  second.  We 
would  express  this  production  or  effect  by  30  X  1920,  or 
by  57600,  as  the  measure  of  the  man'$  exertion  during  the 
minute. 

But,  according  to  Mr  Smeaton,  there  is  no  expenditure 
power,  nor  any  production  of  mechanical  effect,  in  thus 
g  30  pounds  for  a  minute ;  there  is  no  product  of 
a  freight  by  a  height  through  which  it  is  equably  raised ; 
yet  such  exertion  will  completely  exhaust  a  man's  strength 
if  the  body  be  heavy  enough.  Here  then  is  a  case  to  whicb 
Mr  Snieaton's  measure  does  not  readily  apply;  and  this 
case  is  important^  including  all  the  actions  of  animals  at  a 
iMd  pull. 

But  let  OS  consider  more  narrowly  what  a  man  really 
does  when  he  performn  what  Mr  Smeaton  allows  to  be  the 
production  of  a  mea&urable  mechanical  effect.  Suppose 
this  weight  of  30  pounds  hanging  by  a  cord  which  panes 
a  pulley,  and  ihac  a  man,  taking  this  cord  over  his 
idcr,  turns  his  back  to  the  pulley,  and  walks  awoy  from 
We  know,  that  a  man  of  ordinary  force  will  walk  along, 
ising  this  weiglii,  at  the  rote  of  about  60  yards  in  a  rai- 
vute,  or  a  yard  every  second,  and  that  he  can  continue  to 
do  this  ibr  eight  or  ten  hours  from  day  to  day ;  and  that 
this  is  eii  that  he  can  do  without  fatigue.  Here  are  30 
ponnds  raised  uniformly  180  feet  in  a  minute;  and  Mr 
Staeaton  would  express  this  by  30  X  IbO,  or  5400,  and  would 
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call  this  the  measure  of  the  mechanical  effect,  and  also 
the  expenditure  of  power.     This  is  very  diiferent  from  our 
measure  57600. 

8S.  Bat  this  is  not  an  accurate  and  complete  account  of 
the  man's  action  on  the  weight,  and  of  the  whole  effect  pn>* 
duccd-  To  be  convinced  of  this,  suppose  that  a  man  A  hi 
been  thus  employed,  while  another  B,  walking  alongside 
him  at  the  some  rate,  suddenly  takes  the  rope  out  of  hia 
hand,  frees  him  of  the  task,  and  continues  to  raise  the  weight 
without  the  smalleBt  change  on  its  velocity  of  ascent,  What 
li  the  action  of  B,  and  whether  is  it  the  same  with  that  of 
A  or  not?  It  is  acknowledged  by  all,  that  the  exertion  of 
B  against  the  load  is  precisely  equal  to  30  pounds.  If  btt: 
holds  the  rope  by  a  spring  steelyard,  it  will  stand  constant 
at  the  mark  30.  B  exerts  the  same  action  on  the  load  as 
when  he  simply  supports  it  from  falling  bock  into  the  pil 
It  was  moving  with  tlie  velocity  of  three  feet  per  secoi 
V^hen  he  took  bold  of  the  rope,  and  it  would  continue  to 
move  with  that  velocity  if  any  thing  could  annihilate 
counteract  its  gravity.  IF,  therefore,  there  was  no  acti< 
vhen  a  person  merely  carried  it,  there  is  none  at  pi 
when  it  is  rising  180  feet  in  a  minute.  Tlie  man  does,  in- 
dccd^  work  more  than  on  tliat  occasion,  but  not  against  the 
load  ;  his  additional  work  is  walking,  the  motion  of  his  own 
body,  as  a  thing  previously  necessary  that  he  may  continue 
to  support  the  load,  that  he  may  continue  his  meclianical 
effort  as  it  follows  him.  It  appears  to  yield  to  him  i  but  it 
is  not  to  his  efforts  that  it  yields  ;  its  weight  completely  bm- 
lances  those  efforts,  and  is  balanced  by  them.  It  was  to  a 
greater  effort  of  the  man  A  that  it  yielded.  It  was  then 
lying  on  the  ground.  He  pulled  at  the  cord  gradually,  per- 
haps increasing  his  pull,  till  it  was  just  equal  to  its  weight. 
AVhen  this  obtains,  the  load  no  longer  presses  on  the 
ground,  but  is  completely  carried  by  the  rope.  But  it  docs 
not  move  by  this  effort  of  :jO  pounds;  but  let  Lim  exert  a 
force  of  S 1  pounds,  and  continue  this  for  three  seconds.  He 
will  put  it  in  motion ;  will  accelerate  that  motion ;  and,  at 
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the  end  of  three  seconds,  the  load  b  risiog  with  the  velo- 
ciey  of  three  feel  per  second.  The  man  fceJs  that  this  is  a* 
much  speed  as  he  can  contioue  in  his  walk ;  he  therefore 
ilackeoa  his  pull,  reducing  his  action  to  30  pounds,  and 
with  this  action  he  walks  on.  All  this  would  be  distinctly 
perceived  bj  means  of  a  steelyard,  Tlie  rod  would  be 
palled  out  beyond  SO,  till  the  load  acquired  the  uniform  ve* 
locliy  intended,  and  after  this  it  would  be  observed  to  shrink 
backlog. 

More  is  done,  therefore,  than  oppenrs  by  Mr  Smeaton*s 
measure.  Indeed,  all  that  appear*  in  it  is  the  exertion  ne- 
ceacaiy  for  continuing  a  motion  already  produced,  but  which 
would  be  immediately  extinguished  by  a  contrary  power, 
which  must  therefore  be  counteracted.  This  measure  will 
not  apply  to  numberless  cases  of  the  employment  of  ma- 
chines where  there  Is  no  such  opposing  power,  nnd  where, 
notwithstanding,  mechanical  power  must  be  expended,  even 
according  to  Mr  Smeaton's  measurement.  Such  are  corn- 
lills,  boring-mills,  and  many  others. 
How  tlien  comes  it  that  Mr  Smcaton's  valuable  experi- 
>nta  concur  so  exactly  in  shewing  that  the  same  quantity 
water  descending  from  the  same  height,  always  produces 
le  some  effect,  (as  he  measured  it)  whatever  be  the  veloci- 
ty ?  In  the  first  place,  all  his  experiments  are  cases  where 
power  expended,  and  the  work  performed,  are  of  the 
»e  kind :  A  heavy  body  descends,  and,  by  its  preponde- 
rancy,  raises  another  heavy  body.  But  even  this  would  not 
ensure  the  precise  agreement  observed  in  his  experiments, 
if  Mr  Sroeaton  were  not  careful  to  exclude  from  his  calcula- 
tions all  that  motion  where  there  is  any  acceleration,  and 
all  the  expenditure  of  water  during  the  acceleration,  and 
to  admit  only  those  motions  that  are  sensibly  uniform.  la 
moderate  velociiics,  the  additional  pressure  required  for  the 
first  acceleration  is  but  an  insignificant  part  of  the  whole; 
and  to  take  these  accelerated  motions  into  the  account, 
would  have  embarrassed  the  calculations,  and  perhaps  con- 
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fused  many  of  bis  readers.  We  lee,  in  tbe  infitaoce  now 
given,  that  the  addition  of  one  pound  continued  for  tlxrtt 
seconds  only,  was  all  that  waa  nece&Bary. 

Mr  Smcaton's  measurement  is  tliercfore  abundantly  ex- 
act for  practice ;  and  being  accommodated  to  the  circum 
stances  most  likely  to  engage  the  attention,  is  very  p 
for  the  Instruction  of  the  numerous  practitioners  in  all 
nufacturing  countries  who  are  employed  for  ordinary 
tiona ;  Bat  it  is  improperly  proposed  as  an  article  etsentlal 
to  a  just  theory  oi  mechanics,  and  therefore  It  was  proper 
to  notice  it  in  this  place.  Besides,  there  frequently  oocur 
most  important  cases^  in  which  the  motion  of  a  machine  is, 
of  necessity,  desultory,  aUernatcly  accelerated  and  retard- 
ed. We  should  not  derive  alt  the  advantages  in  our  power 
from  the  first  mover,  if  we  did  not  attend  particularlyt  and 
chiefly,  to  tlie  accelerating  forces.  And,  in  every  case,  the 
improvement^  or  the  proper  employment  of  the  machine, 
is  not  attained,  if  we  are  not  able  to  discriminate  between 
the  two  parts  of  the  mechanical  exertion  ;  one  of  them,  by 
which  the  motion  is  produced  and  accelerated  to  a  certain 
degree ;  and  the  other,  by  which  that  motion  is  continued. 
We  roust  be  able  to  appreciate  what  part  of  the  effect  be- 
longs to  each.  But  it  is  now  time  to  proceed  to  tbe  iin- 
pertant  question, 

H'hat  will  be  the  precise  motion  of  a  machine  of  a  giveti  eom^ 
itruction,  actuated  by  a  power  of  knoun  intensity  and  manner 
ffactingf  and  opposed  by  a  known  resistance? 

83.  In  the  solution  of  this  question,  much  depends  on  the 
nature  of  both  power  and  resistance.  In  the  statical  con- 
sideration of  machines,  no  attention  is  paid  to  any  differ- 
ences. The  intensity  of  the  pressures  is  all  that  it  is  neces- 
sary to  regard,  in  order  to  stale  the  proportion  of  pressure 
which  will  be  exerted  in  the  various  parts  of  the  machine. 
The  pressures  at  the  impelled  and  working-points,  combi- 
ned with  the  proportions  of  the  machine,  necessarily  deter- 
mine all  tlie  rest.    Pressure  being  the  sole  cause  of  all  tne- 
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dwnical  action  among  bodies,  any  pressure  may  be  sabsd- 
tnted  for  another  that  ia  equal  to  it;  and  the  preiaure 
which  ia  most  famtliari  or  of  easiett  consideration,  may  be 
oaed  as  the  representative  of  all  others.  This  has  occasion- 
ed the  mechanical  writers  to  make  use  of  the  pressure  of 
grtiTUy  OS  the  standard  of  comparison,  and  to  represent  all 
powers  and  resistances  by  weights.  However  proper  this 
may  be  in  their  hands,  it  has  hurt  the  progress  of  the 
•ctcnoe.  It  has  rendered  the  usual  elementary  treatises  of 
mechanics  very  imperfect,  by  limiting  the  experiments  nnd 
illustrations  to  such  as  can  be  so  represented  with  facility. 
This  has  limited  them  to  the  state  of  equilibrium,  (in  which 
condition  a  working  machine  is  never  found)  because  ilJus- 
tratioos  by  experiment  out  of  this  state  are  neither  obvious 
nor  easy.  It  has  also  prevented  the  students  of  mechanics 
from  accomplishing  themselves  with  the  mathematical  know- 
ledge required  for  a  successful  prosecution  of  the  study. 
The  most  elementary  geometry  is  sufficient  for  a  thorough 
understanding  of  cquiUbrium,  or  the  doctrines  of  statics ; 
but  true  mechanics,  the  knowledge  of  machines  as  instru* 
aients  by  which  work  is  performed,  requires  more  re&oed 
oiathematics,  and  ia  inaccessible  without  it. 

Had  not  Newton,  or  otlicrs,  improved  mathematics  by 
the  invention  of  the  infinitesimal  analysis  and  calculus,  we 
most  have  rested  contented  with  the  discoveries  (really 
^peot}  of  Galileo  and  Huygliens.  But  Newton,  sua  mathai 
facem  prtpferenUf  opened  a  bouiidless  field  of  investigation, 
and  has  not  only  given  n  magnificent  and  brilliant  specimen 
of  die  discoveries  to  be  made  in  it,  but  has  also  traced  out 
the  particular  paths  in  which  wc  are  to  find  the  solution  of 
all  questions  of  practical  mechanics.  This  he  has  done  by 
shewing  onotber  species  of  equilibrium,  indicated,  not  by 
the  cessation  uf  all  motion,  but  by  the  uniformity  of  mo- 
tioo ;  by  the  cessation  of  all  acceleration  or  retardation.  As 
the  extinction  of  motion  by  the  nction  of  opposite  forces  is 
•Aumed  by  us  as  the  indication  of  the  perfect  equality  of 
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tbosc  forces,  so  the  extinction  of  acceleration  should  be  re- 
ceived as  the  indication  of  something  equal  and  opposite  to 
the  force  which  was  known  to  have  caused  the  accclenitiony 
and,  therefore,  as  t)ie  indication  of  an  equilibrium  between 
oppofiite  forces,  or  else  of  the  cessation  of  all  force. 

84.  This  new  viewof  things  was  the  source  of  all  ourdis- 
tinct  notions  of  mechanical  forces,  and  gave  us  our  only 
unexceptionable  marks  and  mea&ures  of  them.  The  S9th 
proposition  of  the  first  book  of  Newton's  Principles  of  Na- 
taral  Philosophy,  and  its  corollariesi  contain  almost  the 
whole  doctrine  of  active  mechanical  nature,  and  are  pe- 
culiarly applicable  to  our  present  purpose,  because  they  en- 
able us  to  comprehend  in  this  mechanical  equilibnum  (so 
different  from  the  statical)  every  circumstance  in  which 
those  pressures  which  are  exerted  by  natural  powers  differ 
from  each  other^  and  vary  in  their  action  on  the  impdJed 
and  working-points  of  a  machine.  Indeed,  when  we  re- 
collect that  the  operations  of  our  machines  are  the  same  on 
board  a  ship  as  on  shore,  and  that  all  our  machines  are  mo- 
ving with  the  ground  on  which  they  standi  we  roust  ac- 
knowledge, that  even  ordinary  statics  is  only  an  imperfect 
▼lew  of  an  equilibrium  among  things  which  are  in  motion  ; 
and  this  should  have  (aught  us  that,  even  in  those  caiea 
where  nothing  like  equilibrium  appears,  an  equilibrium 
may  fltill  be  usefully  traced. 

86.  In  the  statical  consideration  of  machines,  the  quan- 
iiiy  of  pressure  is  all  that  we  need  attend  to.  But,  in  the 
mechanical  discussion  of  their  operatiomj  we  most  attend  to 
their  distinctions  in  kind  :  and  it  will  by  no  means  be  suf- 
ficient to  represent  them  all  by  weights ;  for  their  dis- 
tinction in  kind  is  accompanied  by  great  differences  in 
their  manner  of  acting  on  the  machine.  Some  natural 
powers,  in  order  to  continue  their  action  on  the  impelled 
point  of  the  machine,  must,  at  the  same  time,  put  into  mo- 
tion a  quantity  of  matter  external  to  the  machine  in  ^hlch 
these  powers  reside;  and  this  must  be  mode  to  follow  tbe 
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impeled  point  in  its  xnotioo,  and  not  only  follow,  but  con* 
tiaue  to  press  it  tbnvard ;  or  this  matter^  thus  continunlly 
put  into  motion,  must  be  successively  applied  to  different 
points  of  the  machtne^  which  become  impelled  points  in 
their  turn.  This  is  the  case  with  a  weighty  with  tlie  action 
of  a  spring,  the  action  of  animals,  the  action  of  a  stream 
of  water  or  wind,  and  many  other  powers,  A  part  of  the 
natnral  inechaoical  powers  must  therelbrc  be  employed  in 
producing  this  external  motion.  This  b  soroelimet  a  rery 
oonsklerable  part  of  the  whole  natural  power.  In  some 
cases  it  is  the  whole  of  it.  This  obtains  in  the  action  of  a 
descending  weight,  lying  on  the  end  of  a  lever  and  pressing 
it  down^  or  hanging  by  a  chord  attached  to  the  macliine. 

There  is  also  an  important  distinction  in  the  manner  in 
which  this  external  motion  is  kept  up.     In  a  weight  em- 
ployed as  the  moving  power,  the  actuating  pressure  seems 
to  reside  in  the  matter  itself;  and  all  that  is  necessary  for 
continuing  this  pressure  is  merely  to  continue  the  connec- 
tion of  it  with  the  machine.     But  in  the  action  of  animals 
it  may  be  very  different :  A  man  pushing  at  a  capstan-bar, 
must  6rst  of  all  walk  as  fast  as  tlie  bar  moves  round,  and 
this  requires  the  expenditure  of  his  muscular  force.     But 
this  alone  will  not  render  his  action  an  effective  power  :  He 
must  also  prns  forward  the  capstan-bar  with  as  much  force 
as  he  has  remaining  over  and  above  what  he  expends  in 
walking  at  that  rate.     The  proportion  of  these  two  expen- 
ditures may  be  very  different  in  different  circumstances; 
and  in  the  judicious  selection   of  such  circumstances  as 
make  the  first  of  these  as  inconsiderable  as  possible,  lies 
much  of  the  skill  and  sagacity  of  the  engineer.  In  the  com- 
0ion  operation  of  thrashing  corn,  much  more  than  half  of 
the  man's  power  is  expended  in  giving  the  necessary  mo- 
tion to  his  own  body,  and  only  the  remainder  is  employed 
in  urging  forward  the  swiple  with  a  momentum  suHicient 
for  shaking  off  the  ripe  grains  from  the  stalk.    We  hod 
suffKient  proof  of  this  by  taking  off  the  swiple  of  the  ilail^ 
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putting  the  same  weight  of  lead  on  the  end  of  tlie  stai(  oimI 
tlien  causing  Uie  iiiiul  to  perrorm  the  usual  motioiii  of 
thfAfthing  with  all  the  rapidity  liiat  he  could  contintte  dii> 
ring  the  ordinary  hours  of  work.  We  never  could  find  a 
roan  who  could  make  tiirce  motioDS  in  the  same  time  that 
he  could  make  two  in  the  usual  maimert  so  as  to  ooottnue 
thi&  for  half  an  hour.  Hence  we  innst  conclude,  that  half 
(K)me  will  say  two-thirds)  of  a  thrcaher^s  power  is  expended 
in  merely  moving  his  own  body.  Such  modes  of  aniuJ 
action  will  therefore  be  flvuide<^l  by  a  judicious  engloferi 
but  to  be  avoided,  their  iaconvcnience  must  be  unden^tood. 
More  of  this  will  occur  hereafter.  In  other  cases,  we  are 
almost  (never  wholly)  free  from  this  unprofitable  expendl- 
tare  of  power.  Thus^  in  the  steam-engine,  the  operatioa 
Tcquirea  that  the  external  air  follow  the  piston  down  ibe 
cylinder,  in  order  to  continue  its  pressure.  But  the  fbrM 
necessary  for  sending  in  this  rare  fluid  Into  the  cylinder 
with  the  necessary  velocity,  is  such  an  insignificant  part  of 
the  whole  force  which  b  at  our  command,  that  it  would  be 
ridiculous oifectation  in  any  engineer  to  take  it  into  account; 
and  this  is  one  great  ground  of  preference  to  this  natura] 
power.  The  same  thing  may  be  said  of  the  action  of  a 
strong  and  light  spring,  which  is  therefore  another 
eligible  first  mover  for  machinery.  The  ancient  ai 
had  discovered  this,  and  empbyed  it  in  their  warlike  cD> 
gines. 

We  must  alfio  attend  to  the  nature  of  the  resistance  wfaidi 
the  work  to  be  performed  opposes  to  the  motion  of  our  ma- 
chine. Sometimes  the  work  opposes  not  a  simple  obatmo- 
tion,  but  a  real  resistance  or  re-action,  which,  if  appUcd 
alone  to  the  machine,  would  cause  it  to  move  the  contrary 
way.  Tliis  always  obtains  in  cases  where  a  heavy  bodj  It 
to  be  raised,  where  a  spring  is  to  be  compressed^  and  hi 
some  other  cases.  V^ery  often,  however,  there  is  no  such 
contrary  action.  A  flour-mill,  a  saw-mill^  a  bonng-nitlly 
and  many  such  engines,  exhibit  no  reaction  of  tbia  kind 
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But  filihough  such  mncbinesy  when  at  reel  or  not  impclicd 
by  tlie  firttt  mover,  sustain  no  pressure  in  the  opposite  di* 
ion,  yet  they  will  not  acquire  any  motion  whatever,  un- 
thcy  be  impcilcd  by  a  power  of  a  certain  determinate 
iDtensity.   Thus,  in  a  saw-mil],  a  certain  force  must  be  im- 
tressed  on  the  teeth  of  the  saw,  t!iat  tlie  cohe*ion  of  the 
ibres  of  the  timber  may  be  overcome.     This  requires  that 
certain  forcct  determined  by  the  proportionti  of  the  ma- 
linet  be  impressed  on  the  impelled  point.    If  this  nnd  no 
'tnore,  be  applied  there,  a  force  will  be  exciteti  at  the  teelh 
of  the  saw  which  will  balance  the  cohesion  of  the  wood,  but 
will  not  overcome  it.     The  machine  will  continue  at  rest; 
nd  DO  work  will  be  performed.     Any  addition  of  force  at 
be  impelled  point  will  occa&iou  an  addition  to  the  force  ex- 
ited in  the  teeth  of  the  saw.     The  cohesion  will  be  over- 
^mc,  the  machine  will  move,  and  work  will  be  performed. 
It  is  only  this  addition  to  the  impelling  power  that  givea 
lotion  to  the  machine;  the  rest  being  expended  merely  in 
icing  the  cohesion  of  the  woody  fibres.    Wliile,  tlierc- 
>,  the  machine  is  in  motion^  performing  work,  we  must 
in^er  it  as  actuated  by  a  force  impressed  on  ihc  impel- 
point  by  the  natural  power,  and  by  another  acting  at 
le  working-pointj  furnished  by,  or  derived  from,  the  re- 
istance  of  the  work. 
Again :  It  not  unfrequcntly  happens  that  there  is  not 
ren  any  such    resistance  or  obstruction  excited  .it  the 
-orking-point  of  the  machine  ;  the  whole  resistance  (if  we 
with  propriety  give  it  that  name)  arises  from  the  ne- 
fily  of  giving  motion  lo  a  quantity  of  inert  and  inactive 
wttcr.     This  happens  in  urging  round  a  heavy  fly,  as  in 
le  coioiog-press,  in  tlie  punching-engine,  in  drawing  a 
»cx]y  aJoog  a  horizontal  plane  without  friction,  and  a  few 
iUr  cases.    Here  tlie  smallest  force  whatever,  applied  at 
the  impelled  point,  will  begin  motion  in  the  machiue ;  and 
ic  tthoU  force  so   applied  is  consumed  in  this  service, 
caaes  arc  rare  as  the  ultimate  perlbrmancc  oi  a  ma- 
TOU  II.  o 
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ohine;  but  occasionoUj,  and  Itor  a  farther  purpose*  thtj 
frequentlj  occur ;  and  it  ig  neceftsary  to  consider  tbciD« 
because  there  are  many  of  the  most  important  applkmliom 
of  BoachlDcry  where  a  very  conuderabk  part  o(  the  force  it 
expended  in  this  part  of  tlie  general  taak; 

Such  are  the  chief  circumstances  of  diMinction  amonft 
the  mechanical  powers  of  nature  which  must  be  ntteodcd 
tO)  in  order  to  know  the  motion  and  |>erfonoance  of  a  vu> 
chine.  These  never  occur  in  the  statical  consideration  of 
the  machine,  but  here  they  are  of  chief  importance. 

86.  But  farther :  The  action  of  the  moving  power  u 
transferred  to  the  working-point  thrc>ugh  the  part£  of  a  ma- 
chine, which  arc  material,  inert,  and  heavy.  Or,  to  de- 
scribe it  more  accurately,  before  the  necessary  force  can  be 
excited  at  the  working-point  of  the  machine,  the  variooi 
connecting  forces  must  be  exerted  in  the  diflerent  parU  of 
the  machine;  and,  in  order  that  the  working-point  may 
follow  out  the  impression  already  made,  all  the  connecting 
parts  or  limbs  of  the  machine  must  be  moved  in  diflerent  di- 
rections and  witli  different  vclociticf .  Force  is  neeeisary  for 
thus  changing  the  state  of  all  this  matter,  and  freqoe^ftijr  a 
very  considerable  force*  Time  must  also  elapse  before  all  this 
can  be  accomplished.  This  often  consumos,  and  really 
wastes,  n  great  part  of  the  impelling  power.  Thu*t  in  a 
crane  worked  by  men  walking  in  a  wheels  it  acquire*  mo- 
tion by  slow  degrees ;  because,  in  order  to  give  sufficient 
room  for  the  action  of  the  number  of  men  or  cattle  thai 
are  necessary,  a  very  capacious  wheel  must  be  employedi 
containing  a  great  quantity  of  inert  matter.  All  of  this 
must  be  put  in  motion  by  a  very  moderate  preponderance 
of  the  men.  It  accelerates  slowly,  and  the  bad  Is  raised. 
When  it  has  attaineil  the  recjuired  height,  all  this  maltcr* 
now  in  considerable  motion,  must  be  stopped.  This  can- 
not be  done  in  on  in&tant  with  a  jolt,  which  would  be  very 
inconvenient,  and  even  hurtful;  it  is  therefore  brought  «o 
rest  gradually.     Thi«  also  consumcj  time  ;  way,  tJir  whctl 
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on  in  tlic  contrary  directioi),  that  the  load 
lOAj  be  lowered  into  the  cart  or  lighter.     This  can  only  be 
Accomplished  by  degrees.     Then  (he  tackle  roust  be  lower- 
ed down  flgnin  for  another  load,  which  also  must  be  done 
gradanllj.     AH  this  wastes  a  great  deal  both  of  time  and  of 
force,  and  renders  a  walking-wheel  a  very  improper  fonn 
for  the  first  mover  of  a  crane,  or  any  macliine  whose  use  re- 
qoircfi  BQch  fre(]uent  changes  of  motion.     The  same  thing 
obtains,  although  in  a  lower  degree,  in  the  steam-engine^ 
ere  the  great  beam  and  pump-rods^  sometimes  weighing 
ry  many  tons,  rouBt  be  made  to  acquire  a  very  brisk  mo- 
n  In  opposite  directions,  twice  in  every  working-stroke* 
It  obcaina,  in  a  greater  or  a  less  de^'^ree,  in  all  engines  which 
have  a  reciprocating  motion  in  :iny  o!'  their  parts.    Pump- 
mills  are,  ofncccsiity,  subjected  to  this  inconvenience.     In 
the  famous  engine  at  Marly,  ^  of  the  whole  moving  power 
ofsomeofthe  wnter-whcels  is  employed  in  giving  a  reci- 
procating motion  to  a  set  of  rods  and  chains,  which  extend 
from  the  wheels  to  a  cistern  about  three-fourths  of  a  mile 
dislaot,  where  they  work  a  set  of  pumps.     This  engine  is, 
^^y  such  injudicious  construction,  a  monument  of  magnifi- 
^^■nce,  and  the  struggle  of  ignorance  with  the  unchangeable 
^Hp»s  of  nature.     In  machines,  all  the  parts  of  which  conti- 
^uie  tho  direction  of  their  motions  unchanged,  the  inertia  of 
a  great  mass  of  matter  does  no  harm,  but,  on  the  contrary, 
coDtributes  to  the  steadiness  of  the  motion,  in  spite  of  small 
inequalities  of  power  or  resistance,  or  unavoidable  irregu- 
larities of  force  in  the  interior  parts.     But  in  all  reciproca- 
tioDs,  it  is  highly  prejudicial  to  the  performance  ^  and 
therefore   constructions   which  admit  such  reciprocation 
witliom  necessity,  uru  avoided  by  all  intelligent  engineers. 
The  mere  copying  artist,  indeed,  who  derives  all  his  know- 
lcd|g9  from  the  common  treatises  of  mechanics,  will  never 
suspect  such  imperfections,  because  they  do  not  occur  in 
the  statical  consideration  of  machines. 

87.  Lastly,  no  machine  can  move  without  a  mutual  rub- 
biug  of  its  p«rls  at  all  points  of  comraunicstlion  ;  »uch  !s^ 
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the  teeth  of  wheel- work,  the  wipers  nnd  lifts,  and  the  gud- 
geons of  its  different  axes.  In  many  machines,  the  ultimate 
task  performed  by  the  working-point  is  either  frieiion,  or 
very  much  resembles  it.  This  is  the  case  in  poHbhing- 
mills,  grinding-milts,  nay,  in  boring-mills,  Saw-millS|  afid 
others.  A  knowleiJge  of  friction,  in  all  its  varieties,  seems 
therefore  absolutely  necessary,  even  for  a  moderate  to- 
qualutance  with  the  principles  of  machinery.  This  b  a 
very  abstruse  subject;  and  although  a  good  deal  of  atten- 
tion has  been  paid  to  it  by  some  ingenious  men,  we  do  not 
think  that  a  great  deal  has  been  added  to  our  knowledge  rf 
it ;  nur  do  the  experiments  which  have  been  made  seem  to 
us  well  calculated  to  lead  us  to  a  distinct  knowledge  of  Its 
nature  and  modifications.  It  has  been  considered  chiefly 
with  a  view  to  diminish  it  as  much  as  possible  in  the  com- 
municating parts  of  machinery,  and  to  obtain  some  general 
rales  for  ascertaining  the  quantity  of  what  unavoidably  re- 
mains. Mr  Amontons,  of  the  Royal  Academy  of  Sciences 
at  Paris,  gave  us,  about  the  beginning  of  this  century*  tbe 
chief  information  that  wc  have  on  the  subject.  He  diteo- 
vered  that  the  obstruction  which  it  gave  to  motion  was 
very  nearly  proportional  to  the  force  by  which  the  nibbing 
surfaces  are  pressed  together.  Thus  he  found  that  a  smootli 
oaken  board,  laid  on  another  smooth  board  of  the  same 
wood,  requires  a  force  nearly  equal  to  one-third  of  what 
•  presses  the  surfaces  together.  Different  substances  reqii> 
red  different  proportions. 

88.  He  also  found,  that  neither  the  extent  of  the  mbbhig 
surfaces,  nor  the  velocity  of  the  motion,  made  any  eoosi- 
derable  variation  on  the  obstrnctlon  to  motioni.  These 
were  curious  and  unexpected  results.  Subsequent  observa- 
tions have  made  several  corrections  necessary  in  all  theae 
propositions  ;*  but  since  the  deviations  from  Mr  Amonton's 


*  Tho  moat  recent  tnd  valuable  eiperinients  on  the  subject  of  friction  were 
mede  by  the  celebrated  Cuulomb.  He  found  that  the  friction  increased  with 
the  time  daring  which  the  robbing  surfacea  were  in  coutect;  and  that  It  in- 
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rules  are  not  very  considerable,  at  least  in  the  cases  wliicli 
occur  in  lUh  geiiei'/il  confiidcrutioii  of  machines,  wc  shall 
make  U9C  of  it  in  the  mean  time.  It  gives  us  a  very  easy 
mcthucl  of  cuiiaciting  the  e(!l-ctuf  friction  on  machines.  It 
is  n  cci'tuin  p)'o{>oriioii  of  the  nuitual  pressure  of  the  rut>- 
binje  surfaces,  and  therefore  must  vary  in  tlie  same  propor- 
tion with  this  pressure.  Now»  we  learn  from  tJie  principles 
of  statics  thjii  whaU'ver  procures  are  exerted  on  the  im- 
pdlod  ami  working-point  of  the  machine,  all  the  pressures 
on  Lis  dlQbreni  parts  have  the  same  constant  proportion  to 
these,  aiul  vary  as  these  vary  :  Therefore  the  whole  friction 
of  tJke  machine  varies  in  the  same  proportion.  But  farther, 
since  it  is  ibund  that  the  friction  does  not  sensibly  change 
with  the  velocity,  ihc  force  which  is  just  sufficient  to  over- 
came the  friction,  and  put  the  loaded  machine  in  motion, 
most  be  very  nearly  the  same  with  the  force  expended  in 
OTCTComing  the  iriction  white  the  machine  is  moving  with 
any  velocity  whatever,  and  perforniing  work.  Therefore* 
if  «G  deduct  from  the  force  which  just  puts  the  loaded  ma* 
cbixic  in  motion,  that  part  of  it  which  balances  the  reaction 
of  the  impelled  point  occasioned  by  the  resistance  of  the 
wofk,  or  which  balances  the  resistance  of  the  work,  the  re- 
mainder is  the  part  of  the  impcliin<;  ]K>wer  which  is  employ- 
ed in  overcoming  the  friction.     If,   indeed,  the  actual  re- 


creased  ul«»  with  ilic  velocity,  Uic  fiiction  being  nearly  in  ao  •rilhmellcal 
pniercQian,  while  lUe  velocity  wa«  in  *  geometricul  proKrciiion.  It  appeared 
in  general  that  Irlclioii  wa»  prO|<(MtiDual  lu  the  lutce  svith  wliicli  the  ruhbiog 
vuifurcs  ^tre  pressed  together,  aud  was,  fur  the  most  pirtj  equal  to  between 

^nd^oi  ibat  force.  Wheu  oak  rubbed  igniiut  pine*  (^'■■TTI'   Whoa  pine 

tubbed  agajiitt  pine,  U  was  — — ,  and  oak  against  oak  j-r^.  Wben  iron  ta\f 

bed  afaiitvl  bruM  the  friclioa  wai  least,  and  «at«  in  Uiat  caw,  i  of  the  force 
uf  yttttarv,  A  full  accuuut  uf  Coutomb'i  etiKrimeiils  will  be  found  in  the 
Mrmolrrw  An  Savan$  \^lrnnger»,  funi.  x. ;  and  u  popular  ab»lract  uf  them  in 
I'crfasQa*!  Leciurc««  vul.  it.  ^.  S39.— Eb. 
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sistljig  pressure  of  the  work  varies  with  the  vclochy  of  the 
working-poinc,  ail  the  pressures,  and  all  the  frictioui  id  the 
different  comniuDicating  parte  of  the  machine^  vary  in  the 
some  proportion.  But  the  law  of  this  variation  of  workii 
resistanee  being  known,  tlie  friction  is  again  a»ceruiiiied. 

We  can  now  state  the  dynamical  equilibrium  of  forcei  ia 
the  working  machine  in  two  ways.  We  may  either  oofoi-* 
der  the  efficient  impelling  power  as  diminished  by  all  tlitt 
portion  which  is  expended  in  overcoming  the  friction,  and 
which  only  prepares  the  machine  for  performing  work,  or 
we  may  consider  the  impelling  power  as  entire^  and  tbs 
work  as  increased  by  the  friction  of  the  roachioe;  that  Icr 
wc  may  suppose  the  machine  without  friction,  ami  thai  it 
is  loaded  with  a  quantity  of  additional  resistance  acting  at 
the  working-point.  Either  of  these  methods  will  give  the 
same  result,  and  each  lias  its  advantages.  We  adoptctl 
last  method  in  the  slight  view  which  we  took  of  tJiis  subji 
in  (he  article  Rotation,  and  shall  therefore  use  it  here* 

Supposing  now  this  previous  knowledge  of  ail  ihMC  va- 
yiablo  circumstances  which  affect  the  motion  of 
of  the  rotative  kind,  so  that,  for  uny  momentary 
of  it  while  performing  work,  we  know  what  arc  the  precise 
pressures  acting  nt  the  impelcd  and  working-points,  and 
the  construction  of  the  machine,  on  which  depend  thefric- 
tioD,  and  the  momentum  of  its  inertia  (expressed  in  the 

article  Rotation  by  fp  r*)  j  we  are  now  in  a  condition  to 

determine  its  motion,  or  at  least  its  momentary  aocdera- 
lion,  competent  to  that  position.     Therefore^ 

89-  Let  tliere  be  a  rotative  machine,  ao  constructed,  that 
while  it  b  performing  work,  the  velocity  of  ita  hnpolhd 
point  is  to  that  of  its  working-point  as  m  to  tu  It  is  eaay  to 
demonstrate,  from  the  common  principles  of  statics,  that  if 
a  simple  wheel  and  axle  be  substituted  for  it,  having  the  ra- 
dius of  the  wheel  to  that  of  the  axle  in  the  same  proportion 
of  m  lu  R,  and  having  the  same  momentum  of  friction  atui 
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and  Actuated  by  tlic  same  prenores  at  the  impelled 
warkitig>-{>oiniSj  then  the  vclociues  of  these  points  will 
be  precUdy  the  pamc  as  in  the  given  machine. 

Let  p  represent  the  intensity  (wliich  may  be  measured  by 
poondi  weight)  of  the  pressure  exerted  in  the  moment  at 
the  impelled  point ;  and  r  express  the  pressure  exerted  at 
the  iroHtin*j-point  by  the  resistance  opposotl  by  the  work 
thAl  is  then  performing.  This  may  arise  from  the  weight 
of  a  body  to  be  raised,  from  the  cohe«ion  of  timber  to  be 
wed»  &c.  Any  of  these  resistances  may  also  be  measuixxl 
pomds  waight ;  because  we  know  that  a  certain  number 
pounds  hung  on  the  saw  of  a  saw-mill,  wiU  just  over^ 
this  cohesion,  or  overcome  it  with  any  degree  of  sur 
iority.  Therefore  the  impelling  power  ;>,  aud  the  re- 
sistance r,  however  differing  in  kind,  may  be  compared  ai 
mere  pressures. 

Let  X  represent  the  quantity  of  inert  raaltcr  which  must 
urged  by  the  impelling  power  p,  with  the  same  velocity 
the  impelled  point,  in  order  that  this  pressure  p  may 
rmUfy  continue  to  be  exerted  on  that  point.  Thus,  if  llje 
impcUiug  power  is  a  quantity  of  water  in  the  bucket  of  an 
<nrerihot  wheel,  acting  by  its  weight,  this  weight  cannot  im- 
pel die  wheel  except  by  impelling  the  water.  In  this  way, 
X  may  be  considered  as  representing  the  inertia  of  the  im*- 
pelling  power,  while  p  represents  its  pressure  on  the  ma- 
i^ine-  In  like  manner,  let^  represent  the  quantity  of  ex- 
tomaJ  inert  matter  which  is  really  moveil  with  the  velocity 
of  the  working-point  in  the  execution  of  the  task  perform- 
by  the  machine. 

Whatever  be  the  momentum  of  the  inertia  of  the  ma- 
chine, we  can  always  ascertain  what  quantity  of  matter,  at- 
ed  to  the  impelled  pointy  or  llie  working-point  of  the 
wheel  and  axle,  will  require  the  same  force  to  give  the 
wheel  the  same  angular  motion  ;  that  is,  which  shall  have 
the  same  momentum  of  inertia.  Let  the  quantity  a,  attached 
to  the  working-point,  give  this  momentum  of  inertia  a  n*. 
Lastly,  supposing  lh«l  the  wheel  and  axle  have  no  fricT 
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tioD,  let/ be  iuch  aresistance,  that*  if  applied  to  thevD«l> 
iDg-point,  it  shall  give  the  same  obstruction  as  the  frictioa 
of  the  machiae»  or  require  the  same  force  at  the  impdled 
point  jto  overcome  it. 

90.  These  things  being  thus  established,  the  angohr 
velocity  of  the  wheel  and  axle,  that  Is,  the  number  of 
turns,  or  the  portion  of  4  turn^  which  it  wlH  make  in  a 
given  time,  will  he  proportional  to  the  fraction 

p.ni,—r  +  rn      (i.)_see  Rotation. 

9 1 .  Since  the  whole  turns  together,  the  velocities  of  tbedi& 
ferent  points  are  as  their  distances  from  the  axis,  and  maj 
be  expresses!  by  multiplying  the  common  angular  Telodty 
by  these  distances.  Therefore  the  above  formula,  multiplied 
by  m  or  m,  will  give  the  velocity  of  the  impelled  or  of  the 
w^orking-point.     Consequently, 

Velocity  of  impelled  point  =:  ^^ -«=»= — --.   (IL) 

Velocity  of  working^point  s^ — - —  '       — j-.   (IIL) 

In  order  to  obtain  a  clear  conception  of  these  veloNdtieiy 
we  must  compare  them  with  motions  with  which  we  are 
well  acquainted.  The  proposition  being  universally  Cnie» 
we  may  take  a  case  where  gravity  is  the  sole  power  and  te> 
sistancc;  where,  for  example,  p  and  r  are  the  weights  of 
the  water  in  the  bucket  of  a  wheel,  and  in  the  tube  that  it 
raised  by  it.  In  this  case,  p  =  jt,  and  r  =^.  We  may  aki 
so,  for  greater  simplicity,  suppose  the  machine  without  in- 
ertia and  friction.    The  velocity  of  p  is  now  ^ — r-— »-• 

92.  Let  g  be  the  velocity  which  gravity  generates  in  a 
second.  Then  it  will  generate  the  velocity  g  <  in  the  mo- 
ment t.  Let  V  be  the  velocity  generated  during  this  mo- 
ment in  ps  connected  as  it  is  with  the  wheel  and  axle,  and 
with  r.  This  connection  produces  a  change  of  condition 
^  gi  ^'V,    For,  had  it  fallen  freely,  it  would  have  acqui- 
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red  the  velocity  g  t,  whereas  it  only  acquires  the  vdocity «. 
In  like  manner,  bad  r  fallen  freelj,  it  would  have  acquired 
the  Telocity  g  t*    But,  instead  of  this,  it  is  raised  with  the 

velocity  — v.     The  change  on  it  is  therefore  :=  gt  -{ — r. 

These  changes  of  mechanical  condition  arise  from  their 
connection  with  the  corporeal  machine.  Their  pressures 
on  it  bring  into  action  Its  connecting  forces,  and  each  of  the 
two  external  forces  is  in  immediate  equilibrium  with  the 
force  exerted  by  the  other.  The  force  excited  at  the  im- 
pelling point,  by  r  acting  at  the  working-point,  may  be 
called  the  momentum  or  energy  of  r.  These  energies  are 
precisely  competent  to  the  production  of  the  changes  which 
ihey  really  produce,  and  must  therefore  be  conceived  as 
having  the  same  proportions.  They  are  therefore  equal 
and  opposite,  by  the  general  laws  observed  in  all  actions  of 
tangible  matter ;  that  is,  they  are  such  as  balance  each 
other.  Thus,  and  only  thus,  the  remaLping  motions  are 
what  we  observe  them  to  be. 


Thatis,/)Xg^— rXffi  =rXgt+  — 1»  X» 

Orpmgf  — pmr  =rng/+r2-v 

tn 

Or  p  m*g  t — p  m*B=rm«gr-(-r«*w 


Orpm* — rmn  X  gl  zzpm^-^-  rn*  %i 

Thati8,pm*+  rn*  \  pm* — rmn  =  g/:i 
That  is,  the  denominator  of  the  fraction^  expresdng  theveh* 
city  of  the  impelled  pointy  is  to  the  numerator,  a$  the  velocity 
which  a  heavy  body  would  acquire  in  the  moment  t,  by  foiling 
freely^  is  to  the  velocity  which  the  impelled  point  acquires  in 
that  moment.  The  same  thing  is  true  of  the  velocity  of  the 
working-point. 

This  reasoning  suffers  no  change  from  the  more  compli- 
cated nature  of  the  general  proposition.  Here  the  impel- 
ling power  18  still  Pi  but  the  matter  to  be  accelerated  by  it  at 
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the  working-point  is  a  -f  Vt  while  its  reaction,  dftnintiidty 
tlic  impelling  power,  is  only  r.  We  have  only  to  considir, 
in  this  ctue,  the  velocity  with  which  a  +  ^  would  £aU  (n^ 
when  impelled,  not  by  a  -f  ^,  but  only  by  n  The  remit 
woald  be  the  same;  g  t  would  still  be  to  v  as  thr  Hrmmiu 
nator  of  the  same  fraction  to  its  numerator. 

Thus  have  we  discovered  the  momentary  acceleration  of 
our  machine.  It  is  evident,  tliat  if  the  pressures  p  and  r, 
and  the  friction  and  inertia  of  tlic  machine,  and  the  exter- 
nal matter,  continue  the  same,  the  acceleration  will  cont>* 
nue  the  same ;  the  motion  of  rotation  will  be  uniformly  ai> 

celeratcd,  and  />  w*  4*  "  +  ^  "*  will  be  to  p  m*  —  r^jm  n 
as  the  space  5,  through  which  a  heavy  body  wouJd  (all  in 
any  given  time  t,  is  Lu  the  space  through  which  llie  impelled 
point  will  really  have  moved  in  the  same  time.  In  like 
manner,  the  space  through  which  the  working-point  moves 


in  tlie  same  time  is 


p  m  n  —  r-\-J  n' 


Thus  arc  the  motions  of  Uie  working-machine  determi- 
ned. Wc  may  illustrate  it  by  a  very  simple  example.  Sup- 
pose a  weight/?  of  five  pounds,  descending  from  a  policy, 
and  dragging  up  anotlicr  weight  r  of  three  pounds  on  tbc 
other  side,     m  and  n  are  equal,  and  each  may  be  called  1» 

The  formula  becomes^— ^j,  or  '       s,  or-J,=  -j.  There- 

fore,  in  a  aecond,  the  weight  p  will  descend  ilh  of  16  fecC, 
or  4  feet ;  and  will  acquire  the  velocity  of  H  feet  per  seconds 
y3.  Having  obtained  a  knowledge  of  the  velocity  of  rverj 
point  of  the  machine,  we  can  easily  ascertain  it&  perform- 
ance. This  depends  on  a  combination  of  the  quantity  of 
resistance  that  is  overcome  at  the  working-pcnnt,  and  tba 
velocity  with  which  it  is  overcome.  Thus,  in  raising  water^ 
it  depends  on  tlie  quantity  (proportional  to  the  weight)  of 
%roter  in  the  bucket  or  pump,  and  the  velocity  with  whidi 
k  is  lifted  op.     This  wUl  be  hod  by  muJtiplying  the  ihird 
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fiwiftrilfl  fcy>#  or  hj  r  gi^  or  bj  rt.    Therefore  we  obuia 
tfaii  expression, 


Work  doDC  ^pmrn-r  +  trn^ 


pm*  -^a+^H' 


gt.    (IV.) 


Sach  is  the  genera]  expression  of  the  momentary  per- 
formance of  the  machinci  including  every  circumstance 
which  call  oficct  it.  But  a  vai'iation  of  those  circumstan* 
ces  produces  great  changes  in  the  results.  These  mubt  be 
distinctly  noticed. 

Cor,  1.  Ifp  m  r  »  be  equal  to  r  ^/ r  n*,  there  will  be 
no  work  done>  because  the  numerator  of  the  fraction  i& 
annihilated.  There  is  then  no  unbalanced  force,  and  the 
Datura)  |>ower  is  only  able  to  balance  the  pressure  propaga- 
ted from  the  working-point  to  the  impelled  point 

2.  In  like  manner,  if  n  =:  o,  no  work  is  done  although 
the  machine  turns  round.  The  working-point  has  no  mo- 
Uoa.  For  the  some  reason,  if  m  be  infinitely  great,  although 
there  16  a  great  prevalence  of  impelling  momentum,  there  will 
not  be  any  sensible  performance  during  a  6mtc  time.  For 
the  velocity  which  p  can  impress  is  a  finite  quantity,  and 
the  impelled  point  cannot  move  faster  than  x  would  be  mo- 
ved by  it  if  detached  from  the  macliiue.  Now,  when  the 
infinitely  remote  impelled  point  is  moved  through  any  finite 
^ace,  the  motion  of  the  working-point  must  be  infinitely 
leas,  or  nothing,  and  no  work  will  be  done. 

Rottark.  We  see  that  there  are  two  values  of  »,  viz.  r, 

4od  m  X  E.,  which  give  no  performance.     But  in  all  otiier 


W^\ 


portions  of  m  and  n,  some  work  is  done.  Therefore,  as 
we  gradually  vary  the  proportion  of  m  to  n,  we  obtain  a  sc- 
riea  of  values  exprcssi[i<r  the  performance,  which  must  gra* 
oialy  increase  from  nothing,  and  then  decrease  to  nothing. 
There  must,  therefore,  be  some  proportion  of  m  to  n,  de- 
pending on  the  proportion  of // to  r  +y,  and  of  x  tea  +j^, 
xrhicb  will  give  the  greatest  possible  value  of  the  perform- 
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ance.  And^  on  the  other  handj  if  the  proportion  of  m  to 
ft  be  already  determ'iued  by  the  construction  of  the  machhif 
already  erected,  there  must  be  some  proportion  of  p  to 
^  -bjf  and  of  x  to  a  +  ^»  by  which  the  greatest  perfinm- 
ance  of  the  machine  may  be  ensured.  It  is  evident  that  the 
determination  of  these  two  proportions  is  of  the  utmoit 
importince  to  the  improvement  of  machines.  The  welkin- 
formed  reader  will  pardon  us  for  endeavouring  to  make 
this  appear  more  forcibly  to  those  who  are  less  inttractedi 
by  means  of  some  very  simple  exampies  of  the  first  principle. 
Suppose  that  we  have  a  stream  of  water  affi>rding  three 
tons  per  minute,  and  that  we  want  to  drain  a  pit  which  r^ 
ccives  one  ton  per  minute}  and  that  this  is  to  be  done  by  a 
wheel  and  axle  ?  We  wish  to  know  the  best  proportion  of 
their  diameters  m  and  n.  Let  m  be  taken  =  6 1  and  sap- 
pose, 

1.  That  »  =  5. 

Then  P  '"^  ^  "-^'  '*'  =  ^^-^  •'^-^-^=-gl,=0^4887 

2.  Let  »  be  =:  6.     The  formula  is  =  0,5. 

3.  Letn  =7.  The  formula  is  =0,49045.  Hcnoe  we 
find,  that  the  performance  is  greater  when  n  is  6,  than 
when  it  is  either  5  or  7- 

As  an  example  of  tlic  second  principle,  suppose  the  mi- 
dline a  simple  pulley,  and  lct;»  be  10. 

1.  Let  r  be  =:  3.    The  formula  is  ^Q  X  3— ^  =^  = 

10+3     '     1? 
1i6l54. 

2.  Let  r  be  ==  4.    The  formula  is  =  l£>LlziI?,  sSf, 

10+4     '      14 

=  1,7143. 

3.  Let  r  be  =  5.     The  formula  is  =  ^0X5— g5^  _«5 

10+5  13 

=  1,6G66.    Here  it  appears  that  more  work  is  done  when 
r  is  4,  than  when  it  is  5  or  3. 
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It  hiusti  therefore,  be  allowed  to  be  one  of  the  most  im- 
portant problems  in  practical  mechanics  to  determine  that 
construction  by  which  a  given  power  shall  overcome  a  g'iven 
resistance  with  the  greatest  advantage,  and  the  proportion 
of  work  which  should  bo  given  to  a  machine  already  con- 
struct .*d  BO  as  to  gain  a  similar  end. 

94.  L  The  general  determination  of  the  first  qncstion 
has  but  IttUe  difHcuIty.  We  must  consider  n  as  the  vari- 
able magnitade  in  the  formula  ~ ~ri_ — —^  which 

expresses  the  work  donei  and  find  its  value  when  the  for- 
mula IS  a  roaxinium.  Taking  this  method,  we  shall  find 
that  the  formula  IV.  is  a  maximum  when  n  it 


x(r+/) 


V7'(^-t-/)^-{-;>^z(,/-l-v)l 

S  tn ; ; r — — — • 

This  expression  of  the  performance,  in  its  best  state^  np* 
pears  pretty  complex  ;  but  it  becomes  much  more  simple  in 
all  the  particular  applications  ufit^  as  the  circumstances  of 
the  case  occur  in  practice. 

We  have  obtained  a  value  of  n  expressed  in  parts  of  m. 
If  we  substitute  this  for  n  in  the  third  formula,  wc  obtain  the 
greatest  velocity  with  which  the  resistance  r,  connected  with 
tlie  inertia j/,  can  be  overcome  by  the  power/),  connected 
vith  the  inertia  t,  by  the  intervention  of  a  machine,  whotc 
momentum  of  inertia  and  friction  are  ari^  and/it.    This 

IB   =  —===z 

Y'T  '10  velocity  of  the  workinj^-point  in  feet  per  second, 

:iM      :«     ul'ore  the  actual  performance  of  the  machine. 

But  the  proper  proportion  of  m  to  n,  ascertained  by  this 
s,  varies  exceedingly,  according  to  the  naturo  both 

the  impelling  power,  and  of  the  work  to  be  perfonned 
by  the  machine. 

I,  It  frequently  happens  llmt  the  work  exerts  no  con- 

ry  strain  on  the  machine,  and  consists  merely  in  ini- 
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have  Tcry  moderate  friction.  The  general  resiiltSi  there* 
fbre^  which  even  very  unlettered  readers  can  deduce  fron 
these  simple  formulae,  will  give  notions  that  are  useful  itt 
the  cases  which  they  cannot  so  thoroughly  comprehend. 
Some  service  of  this  kind  may  be  derived  from  the  fdlow- 
ing  little  table  of  the  best  proportions  of  m  to  n,  eorr»> 
sponding  to  the  proportions  of  the  power  furnished  to  the 
engineer,  and  the  resistance  which  must  be  overcome  faj  it 
The  quantity  r  is  always  =  10,  and  m  =  1.* 


p 

1 

n 
0,0*8809 

i> 

fi 
0,739051 

2 

0,095445 

21 

0,760682 

3 

0,140175 

22 

0,788.154 

4 

0 183216 

23 

0.816590 

5 

0.224745 

24 

0,843900 

6 

0,264911 

25 

0,870800 

7 

0,S03841 

26 

0,897300 

8 

0,.J41641 

27 

0.923.500 

9 

0,378405 

28 

0,949400 

10 

0,414214 

29 

0,974800 

This  must  suffice  for  a  very  general  view  of  the  first  pro- 
blem. 

95.  11.  The  next  question  is  not  less  momentous,  name- 
ly, to  determine  for  a  machine  of  n  given  construction  that 
proportion  of  the  resistance  at  the  working-point  to  thehn- 
pelling  power  which  wilt  insure  the  greatest  performance  of 
the  machine;  that  is,  the  proportion  of  m  to  n  being  given, 
to  find  the  beat  proportion  of  p  to  r. 

This  is  a  much  more  complicated  problem  than  loe 
other ;  for  here  we  have  to  .attend  to  the  variaUons  both  of 
the  pressures  p  and  r,  and  also  of  the  external  matters  x 
and  ^,  which  are  generally  connected  with  them.  It  will 
not  be  sufficient,  therefore,  to  treat  the  question  by  the  luaai 


*  We  htve  rccoropnted  ihU  table  from  the  formula,  cxteiidiog  the  naioben 
two  decimal  places,  and  adding  the  values  of  r  for  MTcral  inUrmedUte  w 
Inesof  ji.^Eo. 
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ilusuonary  process  for  determining  the  maximuin,  in  which 
T  is  considered  as  the  only  varying  quantity.  We  must, 
in  this  cursory  discussion,  rest  saiisfied  with  a  comprelien- 
uon  of  the  circumstances  which  moat  generally  prevail  in 
practice.^ 

It  must  either  happen,  that  when  r  changes,  there  is  no 
change  (that  is>  of  moment)  in  (he  mass  of  extenial  matter 
which  must  be  moved  in  performing  the  work,  or  that 
tlierc  is  also  a  change  in  this  circumstance.  If  no  change 
happens,  the  denominator  of  the  fourth  formula,  expressing 
the  pertbnnancei  remains  the  same ;  and  then  the  formula 
attains  a  maximum  when  the  numerator  'pfm  n —  r  +/r  n* 
is  a  maximum.  Also,  we  may  inchuley  without  complica- 
tijsg  the  process,  by  the  consideration,  that y  is  always  in 
nearly  the  same  ratio  lo  r;  and  therefore  r  +/"  may  be 
considered  as  a  certain  multiple  of  r,  such  as  b  r.  We  may, 
therefore,  omtty*  in  the  tluxionary  equations  for  obtaining 
the  maximum,  and  then,  in  computing  tlie  performance^ 
divide  the  whole  by  L     Thus  if  the  whole  friction  be  ^^^th 

of  the  resisting  pressure  r,  we  have  r  +/  =  —  of  r,  and 


20' 


Having  ascertained  the  beat  value  for  r,  we  put 


20 


tills  in  its  place  in  the  fourth  formula,  and  take  —  of  this 

for  the  performance.  This  will  never  differ  much  from  the 
truth. 

This  process  gives  us  /j  m  n  ==  2  n*  r,  and  r  =  ?- — —, 

=  '- — ;  and  if  we  farther  simplify  the  process,  by  making 

»  =r  I,  and  ffi  =  1,  we  have  r  =  — ;  a  most  simple  expres- 

sioO)  directing  us  to  make  the  resistance  one-half  of  what 
would  balance  the  impelling  power  by  the  intervention  ol 
the  machine. 

vou  11.  P 
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This  will  evidently  applj  to  many  very  important 
namely,  to  all  those  in  which  the  matter  put  in  motion  by 
the  working-point  is  but  trifling. 

But  it  also  happens  in  many  important  cases,  that  the 
change  is  at  least  equally  considerable  in  the  inertja  of  the 
work,  In  this  case  it  is  very  difficult  to  obtain  a  general  so- 
lution. But  we  can  hardly  imagine  such  a  change^  without 
supposing  that  the  inertia  of  the  work  varies  in  the  k&im 
proportion  as  the  pressure  excited  by  it  at  the  working-point 
of  the  machine;  for  since  r  continues  the  same  in  kind,  it 
can  rarely  change  but  by  a  proportional  change  of  xbe  mat- 
ter with  which  it  is  coiuiected.  Yet  some  very  important 
cases  occur  where  this  does  not  hiippen.  Such  is  a  machine 
which  forces  water  along  a  lon^  nir.in  pipe.  The  resistance 
to  motion  and  the  quantity  of  water  do  not  follow  nearly 
the  same  ratio.  But  in  the  cases  in  wliich  this  ratio  is  ob- 
served, we  may  represent  y  by  any  multiple  b  r  of  r,  which 
the  case  in  hand  gives  us  ;  b  being  a  number,  integer,  or 
fractional.  In  the  farther  treatment  of  this  case,  we  think 
it  more  convenient  to  free  r  from  all  other  combinations ; 
and  instead  of  supposing  the  force^' (whiclj  we  matle  equi- 
valent with  the  friction  of  ihe  machine)  to  be  applied  at  the 
working-point,  we  may  apply  it  at  the  impelled  point*  ma- 
king the  effective  power  q  ^  p — J\  For  the  same  reasons 
instead  of  making  the  momentum  of  the  machine's  inertia 
=  a  «*,  we  may  make  it  a  m*,  and  make  a  +  x  ~  z.  Now, 
6up[X)sing  y,  or  p  — f,  =z  1^  and  also  m  =  1»  our  Ibnnula 

expressing  the  performance  becomes  LILZlLJL,  This  it  a 


2-f-6r«* 


maximum  when  r  = 


bn^ 


Cor,  1.  If  the  inertia  of  the  work  is  always  equal  to  if? 
pressure,  as  when  the  work  consists  wholly  in  raising  a 
weight,  such  as  drawing  water,  &c.  then  A  =  I,  and  the 
formula  for  the  maximum  performance  becomes 


^■1 
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r  = 


^^T7+T*— 


&  If  the  inertia  of  the  ]nipel]ing  power  is  also  the  some 
with  its  presflure,  and  if  we  may  neglect  the  inertia  and 
friction  of  the  machine,  the  formula  becomes 

«•  =  — ^i — • 

lExamplt^  Let  the  machine  be  a  common  pulley,  so 
that  the  radii  m  and  n  are  equal,  and  therefore  /j  =  1. 

Then,  r  =  ll±l^zl,  =  V'  2  —  i,  =  0,4142,  &c.  more 

Ihan  ftbs  of  what  would  balance  it. 

Here  follows  a  series  of  the  best  values  of  r,  correspond- 
ing to  different  values  of  r.  m  and  p  are  each  =  1.  The 
numbers  in  the  last  column  have  the  same  proportion  to  I 
which  r  has  to  the  resistance  which  will  balance^.* 


r=  J, 8885 

0,4724  to  1 

1,3928 

0,4639 

0,81)86 

0,4493 

0,4142 

0,4142 

0,1830 

0,^660 

0,1111 

0,3333 

0,0772 

0,3088 

0,0580 

0,2900 

0,0451 

0,fi;742 

0,03731 

0,26117 

0,03125 

0,25000 

0,02669 

0,24021 

0,O2317 

0,23170 

0,Oi037 

0,22407 

0,01809 

0,21708 

*  Tbc  ftboTC  tAbte  h«9  b«cii  extcndfd  to  tkIuci  of  •  '''■* 
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From  what  has  now  been  established,  we  see,  witli  si 
cient  evidence,  the  importance  of  the  higher  matlieraatio 
to  the  science  of  mechanics.  If  tlie  velocilies  of  the  tropeUed 
and  working  points  of  an  engine  are  not  properly  adjuftted 
to  the  pressures,  the  inertia,  and  the  friction  of  the  caacUUi<v 
we  do  not  derive  all  the  advantages  which  we  miglit  from  our 
situation.  Hence  also  we  learn  the  faJsity  of  the  n:iaxim 
which  has  been  received  as  well  founded^  that  the  augmenta- 
tion of  intensity  of  any  force,  by  applying  it  to  tlie  long  arm 
of  a  lever,  is  always  fully  compensated  by  a  loss  of  time ;  or, 
as  it  is  usually  expressed,  **  what  we  gain  by  a  nuchiiw  io 
force  we  lose  in  time."  If  the  proportion  of  m  to  n  is  well 
chosen,  we  shall  find  that  the  work  done,  when  it  resisU  hj 
its  inertia  only,  increases  nearly  in  the  proportion  of  the 
power  employed  ;  whereas,  when  the  inertia  of  the  work  k 
but  n  small  part  of  the  resistance,  it  increases  nearly  in  the 
duplicate  ratio  of  the  power  employed. 

It  was  remarked,  in  the  setting  out  in  the  present  pro- 
blem, that  the  formulae  do  not  immediately  express  the  ve- 
locity of  any  point  of  the  machine,  but  its  momeutary  acce- 
leration. But  this  is  enough  for  our  purpose ;  because,  when 
the  momentary  acceleration  is  a  maximum,  tlie  velocity  sc^ 
quired,  and  the  space  described,  in  any  given  time,  is  also 
a  maximum.  We  also  shewed  how  the  real  velocities,  and 
the  spaces  described,  may  be  ascertained  in  known  measures. 
We  may  say  in  general,  that  if  g  represent  the  pressure  of 

gravity  on  any  mass  of  matter  w*  tlicn  ^  is  to  ^ i      ■^- 

as  Uj  feet  to  the  space  described  in  a  second  by  the  working- 
point  in  a  second,  or  as  32  feet  per  second  is  to  the  velocity 
acquired  in  that  time. 

96.  A  remark  now  remains  to  be  made,  whidi  k  of  the 
greatest  consequence,  and  gives  an  unexpected  turn  to  the 
whole  of  the  preceding  doctrines.  It  appears,  from  all  that 
has  been  said,  that  the  motion  of  a  machine  must  be  uni- 
formly accelerated^  and  that  any  point  will  describe  apani 
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proportional  to  the  sqaares  of  the  times;  for  while  the 
pcessiirea»  friction,  and  momentum  of  inertia  remain  the 
•Mne^  tbe  momentary  acceleration  must  also  be  nivortable. 
Dot  this  seems  contrary  to  all  experience.  Such  niaclunes 
caare  properly  constructed,  and  work  without  jolts,  are  ob- 
served to  qnicken  their  pace  for  a  few  seconds  afler  starts 
JBg;  but  all  of  them,  in  a  very  moderate  time,  acquire  a 
motion  that  is  sensibly  uniform.  Is  our  theory  erroneous, 
or  what  arc  the  circumstances  which  remain  to  he  consi- 
dered, in  order  to  make  it  agree  with  observation?  The 
science  of  machines  is  imperfect,  till  we  have  explained  the 
causes  of  this  deviation  from  the  theory  of  uniform  aocelc- 
rsljon. 

The  causes  are  various. 

1.  In  some  cases,  every  mcrease  of  velocity  of  the  ma- 
chine produces  an  increase  of  friction  in  all  its  communica* 
ting  parts.  By  these  means,  the  accelerating  force,  which 
is  ^  m  —  r  +y'fit  or  p  — frn  —  rn^  is  diminished,  and  con- 
sequently the  acceleration  is  diminished.  But  it  seldom 
happens  that  friction  takes  away  or  employs  the  whole  ac- 
celerating force.  We  are  not  yet  well  instructed  in  the 
nature  of  friction*  Most  of  the  kinds  of  friction  which  oIk 
tain  in  the  communicating  parts  of  machines,  are  such  as 
cki  not  sensibly  increase  by  an  increase  of  velocity ;  some  of 
tliem  really  diminish.  Yet  even  the  most  accurately  con- 
strticted  machines,  unloaded  with  work,  attain  a  motion 
that  is  sensibly  uniform.  If  we  take  off  the  pallets  from  a 
pendulum  clock,  and  allow  it  to  ran  down  amain,  it  accele- 
rates for  a  while,  but  in  a  very  moderate  time  it  acquires  an 
oniform  motion.  So  does  a  common  kitchen  jack.  These 
two  machines  seem  to  bid  the  fiurest  of  any  for  an  uni- 
formly accelerated  motion  ;  for  their  impelling  power  acts 
with  the  utmost  uniformity.  There  is  sometliing  yet  unex- 
pUincd  in  the  nature  of  friction,  which  takes  away  some  of 
this  acceleration. 

2.  But  the  chief  cause  of  its  cessation  in  these  two  instances^ 
and  others  (>fvery  rapid  motion^  is  the  resistance  of  the  air. 
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This  arises  from  the  motion  which  is  oommuntcated  to  the 
air  difiplacct]  by  the  swift  moving  parts  of  ifie  machine.  At 
first  it  is  very  small ;  but  it  increases  nearly  in  llie  Uuplicile 
ratio  of  the  velocity  (see  Resistance  uf  Fluid$.)  Thai  r 
incr<^>ase8  continually ;  and^  in  a  certain  state  of  motion, 
r  -f  I  /J  becomes  equal  to  p  m.  Whenever  this  happens,  the 
acccleratintT  power  is  at  an  end.  The  Bcceleratton  aim 
ceases ;  and  the  machine  is  in  a  state  of  dynamical  eqoifi- 
brium  i  not  at  rest^  but  moving  uniformly,  and  performing 
•work. 

3.  Still,  however^  this  is  not  one  of  the  general  causes  of 
the  uniform  motion  attained  by  working  engines.  Rarely 
u  the  motion  of  their  parts  so  rapid,  as  to  occasion  any 
great  resistance  from  the  air.  But  in  the  most  frequent  eah 
ploymcnts  of  machines,  every  increase  of  velocity  is  accom- 
panied by  an  incrcnseof  resistance  from  the  work  perform- 
ed. Thib  occurs  at  once  to  the  imagination;  and  few  per* 
sons  think  of  enquiring  farther  for  a  reason.  But  therein 
perhaps,  no  part  of  mechanics  that  is  more  imperfectly  ud- 
derstoofl,  even  in  our  present  improved  btate  ut  inechunicsl 
science.  In  many  kinds  of  work,  it  is  very  difficult  to  state 
what  increase  of  labour  is  retjuired  in  order  to  perform  tlw 
work  with  twice  or  tluice  the  speed.  In  grinding  corn,  for 
instance,  we  are  almost  entirely  ignorant  of  this  matter.  It 
is  very  certain,  that  twice  the  force  is  not  necessary  for 
making  the  mill  grind  twice  as  fast,  nor  even  for  making  it 
grind  twice  as  much  grain  equally  well.  It  is  not  easy  to 
bring  this  operation  under  mathematical  treatment;  but  we 
have  considered  it  witli  some  attention,  and  we  imagine 
that  a  very  great  improvement  may  still  be  made  in  the 
construction  of  grist  mills,  founded  on  the  law  of  variatwd 
of  the  resistance  to  the  operation  of  grinding,  and  a 
tific  adjustment  of  m  to  //,  in  consequence  of  our  know! 
of  thib  law.  We  may  make  a  similar  observation  on  many 
other  kinds  of  work  performed  by  machines.  In  none  of 
those  works  where  the  inenia  of  the  work  is  inconsiderable^ 
are  we  well  acquainted  with  the  real  mechanical  pniceat  in 
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performing  it  This  is  the  case  in  aawing-mills,  boring- 
mWUf  rolJing-millsy  blilting-milts,  and  many  others,  where 
the  work  consists  in  overcoming* the  strong  cohesion  of  a 
siDjdJ  quantity  of  matter.  In  sawing  timber,  (which  is  the 
mcMt  ea&ily  understood  of  all  these  operations,)  if  the  saw 
move  with  a  double  velocity,  it  is  very  difficult  to  say  how 
xnnch  the  actnnl  resisting  pressure  on  the  teeth  of  the  saw 
is  increased.  Twice  the  number  ol  fibres  are  necessarily 
torn  asunder  during  the  same  time,  because  the  same  num* 
ber  are  torn  by  one  descent  of  the  saw,  and  it  makes  that 
stroke  in  half  the  time.  But  it  is  very  uncertain  whether 
the  resistance  is  double  on  this  account ;  because  if  each 
fibre  be  supposed  to  have  the  same  tenacity  in  both  cases, 
it  resists  with  this  tenacity  only  For  half  the  time.  The  parts 
of  bodies  resist  a  similar  chanjre  of  condition  in  different 
manners ;  and  there  is  another  difference  in  their  resistance 
of  different  changes — the  resistance  of  red-hot  iron  under 
the  roller  may  vary  at  a  very  different  rate  from  that  of  its 
resistance  to  the  catting  tool.  The  resistance  of  the  spindles 
of  a  cotton-mill,  arising  partly  from  friction,  partly  from 
the  inertia  of  the  heaped  bobins,  and  partly  from  the  resist- 
ance of  the  ail',  is  still  more  complicated,  and  it  may  be  dif- 
ficult to  learn  its  law.  The  only  case  in  which  we  can 
judge  with  some  precision  is,  when  the  inertia  of  matter,  or 
a  constant  pressure  like  that  of  gravity,  constitutes  the  chief 
resistance.  Thus  in  a  mill  employed  to  raise  water  by  a 
chain  of  buckets,  the  resistance  proceeds  from  the  inertia 
only  of  the  water.  The  buckets  arc  moving  with  a  certain 
velocity,  and  the  lowest  of  them  takes  hold  of  a  quantity  of 
water  lying  at  rest  in  the  pit,  and  drags  it  into  motion  with 
its  acquired  velocity.  The  force  required  for  generating 
this  motion  on  the  quiescent  water  must  be  double  or  triple, 
when  the  velo<^ity  that  must  be  given  to  it  is  so.  This  ab- 
aorbe  the  overplus  of  the  impelling  power,  by  which  that 
power  exceeds  what  is  necessary  for  balancing  the  weight 
of  the  water  contained  in  all  the  ascending  buckets.  This 
18  a  certain  determinate  quantity  wliich  does  not  change ; 
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for  IB  the  same  instant  that  a  new  bucket  of  water  u  forced 
into  motion  bdow»  and  its  weight  a<1ded  to  that  of  iIh 

a8C€ndin<;  buckets,  an  eqnal  bucket  is  emptied  of  its  w. 
at  top.  The  ascending  buckets  require  only  to  be  bakiil' 
and  they  then  continue  to  ascend,  with  any  velocity  ainadj 
acquired.     While  the  machine  moves  slow,  the  motion  itn» 
prcbfied  on  the  new  bucket  of  water  is  not  suiBcicnt  to  ab- 
sorb all  the  overplus  of  impellinf;^  power.     Tlie  qoanlitj 
not  absorbed  accelerates  the  machine,  and  tlic  next  buclMft 
must  produce  more  motion  in  the  water  which  it  takes 
Tliis  consumea  more  of  the  overplus.     This  goes  on  till 
overplus  of  power  is  left,  and  the  machine  accelerate  oo 
more.     The  complete  performance  of  the  machine  now  ic* 
that  ''  a  certain  quantity  of  water,  formerly  at  rebt,  la  now 
moving  with  a  certain  velocity."  Our  engineers  con«id«rtC 
differently  ;  '*  as  a  certain  weight  of  water  lifted  up.'*    Bat 
while  the  machine  is  thiia  moving  uniformly,  it  is  really  not 
doing  so  much  as  before ;  that  is,  it  is  not  exerting  such 
great  pressures  as  before  the  motion  was  rcndercil  uniform; 
for  at  that  time  tliere  was  a  pressure  at  the  wurkin^point 
equal  to  the  weight  of  all  the  water  in  the  asoeading 
bufkets;  and  also  an  overplus  of  pressure,  by  which  ibe 
whole  was  accelerated.  In  the  state  of  uniform  moiton,  the 
pressure  is  no  more  than  just  balances  the  weight  of  the 
ascending  chain.     We  shall  learn  by  and  by  how  the  pre^ 
£ures  have  been  diminishing,  although  the  mill  has  been 
accelerating;  a  thing  that  seems  a  paradox. 

In  this  instance,  then,  we  see  clearly,  why  a  machine 
must  attain  a  uniform  motion.  A  pumping  machine  gives 
as  tlie  same  opportunity,  but  in  a  manner  so  different  bb  to 
require  explanation.  The  pibton  may  be  supposed  at  the 
very  surface  of  the  pit  water,  and  the  impelling  power  may 
be  less  than  will  support  a  column  in  the  pipe  as  high  as 
can  be  raised  by  the  pressure  of  the  atmosphere*  Suppose 
the  impelling  power  to  be  the  water  lying  in  the  bu 
an  overshot  wheel.  Let  this  water  be  laid  into  tlie 
by  a  very  nnall  stream.  It  will  £11  the  buckets  very 
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and,  ftB  this  givet  them  a  preponderance,  the  mill  loses  its 
t|Ni]ance»  the  wheel  begins  to  move,  and  the  piston  to  rise, 
and  the  water  to  follow  it.    The  water  may  be  delivered  on 
the  wheel  drop  by  drop ;  the  piston  will  rise  by  Lnscnfiible 
i4egree»,  alwiiys  slaudiog  still  again  as  soon  as  the  atmos- 
pheric pressure  on  it  jnst  balances  the  water  on  the  wheel. 
The  water  in  the  rising-pipe  is  always  a  balance  to  the 
I  pressure  of  the  atmosphere  on  the  cistern  ;  therefore  the 
^pressure  of  the  atmosphere  on  the  piston  (which  is  the  r  in 
f<»ur  formula)  is  equal  to  the  weight  of  this  water.     Our 
» pump-makers  therefore  (calling  theniselvcs  engineers)  sayi 
l^tbttt  tl>e  weight  of  water  in  the  pipe  balances  the  water  on 
itlie  wheel.     It  does  not  balance  it,  nor  is  it  raised  by  the 
r«heel,  Imt  by  the  atmosphere;   but  it  serves  us  at  present 
||br  a  measure  of  (he  power  of  the  wheel.     At  last,  all  the 
^buckets  of  the  wheel  are  full,  and  the  water  is  (for  example) 
Ffi5  feet  high  in  the  pipe.     Now  Jet  the  stream  of  water  run 
iita  full  quantity.     It  will  only  run  over  from  budcct  to 
'bucket^  and  run  off  at  the  bottom  of  the  wheel ;  but  the 
[mill  will  not  move,  and  no  work  will  be  performed.  (N.  B. 
t^Ve  are  here  excluding  all  impulse  or  stroke  on  the  buckets^ 
and  supposing  the  water  to  act  only  by  its  weight.)     But 
now  let  all  be  emptied  again,  and  let  the  water  be  delivered 
on  the  wheel  in  its  full  quantity  at  the  first.  The  wheel  will 
immediately  acquire  a  preponderancy,  which  will  greath^  ex* 
ceed  ilie  first  small  pressure  of  the  atmosphere  on  the  pis- 
tOKU     It  will,  therefore,  accelerate  the  pit»ton,  overcoming 
the  pressure  of  the  air  with  great  velocity.  The  piston  rises 
tet;  the  water  follows  it  by  the  pressure  of  the  atmosphere ; 
and  when  it  attains  the  ibrmcr  utmost  height,  it  attains  it 
with  a  considerable  velocity.    If  allowed  to  run  off  there,  it 
will  cunlinue  to  run  off  with  that  velocity;  because  there  is 
the  san>e  quantity  of  water  pressing  round  the  wheel  as  be- 
fore^ and  tiicreforc  enough  to  balance  the  pressure  of  tlie 
atmcwphere  on  the  piston.     The  pressure  of  the  same  at* 
moiphere  on  the  water  in  the  cistern,  raised  the  water  in 
tli«  pipe  with  this  velocity ;  there&re  it  will  continue  to  do 
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SO,  And  the  mill  will  deliver  water  by  the  pump  with  this 
velocity,  although  there  is  no  more  pressure  acting  on  it 
than  before,  when  the  water  ran  to  wastCi  doing  no  work 
whatever. 

lliis  mode  of  action  is  extremely  different  from  the 
former  example.  The  mill  is  not  octinflf  against  ilie  inertia 
1/  of  the  water  to  he  moved,  but  against  ihc  pressure  r  of 
the  atmosphere  on  the  pifcton.  I'hc  pressure  of  the  same 
atmosphere  on  the  cistern  is  employed  against  the  inerttn 
of  the  water  in  the  pipe;  and  the  use  of  the  mill  is  to  givt 
occasiortf  by  raising  the  piston,  to  the  exertion  of^  this  at- 
mofipherical  pressure,  which  is  the  real  raiser  of  the  water. 
The  maxim  of  construction,  and  the  proper  adjustment  of 
m  to  n  in  this  case,  are  difTerent  from  the  former ;  and  wc 
should  run  the  ri&k  of  making  an  imperfect  engine  were  we 
to  confound  them. 

We  roust  mention  another  caBC  of  a  pumping-mill,  seem- 
ingly the  same  with  this,  but  essentially  different.  Suppose 
the  pipe  of  this  pump  to  reach  SO  feet  below  the  surface  of 
ihe  pit-water,  and  that  the  piston  is  at  the  very  bottom  of 
it.  Suppose  also,  that  the  wheel  buckets^  when  filled  with* 
water,  only  enable  it  to  support  Q5  feet  of  water  in  the  rising 
pipe*  Let  the  water  be  delivered  into  the  wheel  drop  by 
drop.  The  wheel  will  gradually  preponderate;  the  piston 
will  gradually  rise,  lifting  the  wntcr  above  it,  sustaining  a 
pressure  of  water  which  gradually  increases.  At  last,  the 
water  in  the  pump  is  25  feet  higher  than  that  in  the  cistern; 
the  wheel  is  full  and  running  to  waste;  but  no  work  is 
performed.  Let  all  be  emptied,  and  now  let  the  water  come 
to  the  wheel  in  its  full  stream,  but  without  impulse.  The 
piston  will  lift  the  water  briskly,  bring  it  to  25  feet  high 
with  a  considerable  velocity,  and  the  mill  will  now  raise  it 
with  tliis  velocity.  In  this  example,  the  mill  is  the  imme- 
diate agent  in  raising  the  water ;  but,  in  this  case  also,  its 
ultimate  office  is  not  overcoming  inertia,  but  overcoming 
pressure,  it  was  the  overplus  of  power  only  that  was  em- 
ployed in  overcoming  inerliay  while  accelerating  the  water 
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in  the  ri&ing  pipe,  in  order  to  give  it  the  necessary  velocity 
for  a  continacd  discharge. 

97*  These  and  similar  examples  shew  the  great  difiercnce 
between  the  stjilical  and  dynamical  equilibrium  of  machines, 
nnd  the  necessity  of  a  scientific  attention  by  all  who  wish 
improve  practical  mechanics.  Wiiliout  this,  and  even  a 
Ireily  refined  attention,  we  cannot  see  the  connection  be- 
tween a  copious  supply  of  water  to  the  bucket-wheel  and  a 
lentilui  discharge  by  the  pump.  We  believe^  that  the 
tte^i  part  of  tho^  employed  in  erecting  machines  con- 
live  it  aa  owing  to  the  greater  weight  of  water  impelling 
le  wheel  with  greater  force ;  but  we  see  that  there  is  no 
Uflercncc  in  the  pressures  on  the  mill  at  rest,  and  the  mil! 
ling  its  work  steadily  and  uniformly,  with  any  velocity, 
however  great.  Without  keeping  the  notions  of  that  part 
tlie  impelling  power  which  supports  distinct  from  that  of 
le  part  which  accelerates,  we  shall  never  have  a  clear  con- 
ception of  the  operation  of  machines^  or  of  mechanical  power 
general.  We  cannot  derive  nil  the  advantages  of  our 
Ltural  powers,  wilhuut  knuwiug  how  our  machine  employs 
the  preMure  excited  by  it  at  the  working  point  (  that  is, 
^■ttithout  perceiving  in  what  cases  it  is  opposed  to  inertia^ 
^^bd  in  what  to  the  mechanical  properties  of  tangible  mat* 
^^k«  This  only  can  inform  us  at  what  rate  the  resistance 
^varies  by  a  change  of  velocity ;  and  when  it  happens  that 
lis  augmentation,  necessarily  accompanied  by  an  augmen- 
ion  of  all  the  frictions,  and  die  resistance  of  theair^  is  in 
equilibrio  with  the  whole  of  the  impelling  power,  and  all  ac* 
ileration  is  at  an  end. 

98.  Lastly,  another  chief  cause  of  the  finally  uniform  mo- 
rn of  machines  is,  that,  in  most  cases,  an  increase  of  velo* 
ty  produces  a  real  diminution  of  impelling  power.     We 
lly  know  any  exception  to  this  besides  the  employment 
of  one  descending  weight  as  a  power  or  first  mover.     Moat 
of  the  powers  which  wc  employ  reside  in  bodies  external  to 
:hinc  j  and  ihe»e  bodies  must  be  put  in  motioDi  and 
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continued  in  that  motion,  in  order  to  continue  th«ir  pnt^ 
sure  on  the  impelled  point.  Frequently  a  great  part  of  tlic 
power  U  employed  in  giving  this  necessary  motion  to  the 
cxtcmul  mRtler,  and  the  remainder  only  is  employed  in 
pressing  forword  the  machine.  We  mentioned  a  remarka- 
ble instflnce  of  this  in  the  operation  of  threshing.  Now, 
the  power  thus  enipioycd  must  increase  in  proportion  to 
tkic  motion  required  ;  that  is,  in  proportion  to  the  vclocitj 
of  the  impelled  point ;  what  remains,  urging;  forward  the 
maciiine,  is  therefore  diminished.  The  acceleration  is  there- 
fore diminished,  and  may  cease.  At  tuit  the  actual  pressure 
is  so  much  diminifihed,  that  it  is  no  more  than  what  is  ne- 
cessary for  overcoming  the  increased  resistance  of  the  woric, 
the  increased  friction.  The  machine^  therefore^  accclcrotot 
no  more,  but  moves  uniformly. 

This  cause  of  the  diminution  of  power  by  an  increase  of 
vdocity,  obtains  In  all  cases  where  the  strength  of  aniouli, 
of  springs,  the  force  of  fired  gunpowder,  &c.  is  exerted.  In 
fiome  cases,  the  yisible  effect  is  not  \ery  considerable;  asio 
the  employment  of  a  strong  spring,  the  force  of  gunpowder, 
and  a  few  others.  In  the  action  of  animals,  this  deification 
of  power  is  very  great  when  the  velocity  is  considerable. 
Nay,  even  in  the  action  of  gravity,  alUiough  it  acts  a« 
strongly  on  a  body  in  rapid  motion  as  on  one  at  rest,  yet 
when  gravity  is  not  the  iminediutc  agent,  but  acts  by  the 
intervention  of  a  body  in  which  it  resides,  the  necessity  of 
previously  moving  this  body  frequently  diminishes  the  ac- 
celeration which  it  would  otherwise  produce.  Thus,  in  an 
overshol-wbecl,  if  the  water  be  delivered  into  the  bucket 
with  a  velocity  (estimated  in  the  direction  of  the  part  of  the 
wheel  into  which  it  is  delivered)  less  than  that  of  the  rim  of 
the  wheel,  it  must  retard  the  motion ;  for  it  must  be  imrae- 
dintely  dragged  into  lliat  motion  ;  that  is,  part  of  the  acce- 
lerating overplus,  already  acting  on  the  wheel,  must  be  em* 
ployed  in  accelerating  this  new  bucket  of  water,  and  this 
must  lesseD  the  general  acceleratiou  of  the  machine.  Hence 
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ire  iearn^  that  the  water  must  be  dclivorod  on  the  wheel 
^^ith  a  velocity  thut  is  at  least  not  less  than  that  of  the 
^^necrs  rootioD. 

F        The  case  in  which  we  see  this  diminution  of  power  oi\ 
I     machines  most  di&tiactly  is,  when  water  or  wiud^  acting  by 
hapxiko  alone,  is  our  moving  power.    Since  the  mutual  im- 
of  bodies  depend  entirely  on  their  relative  inotion% 
follows,  that  when  the  velocity  of  the  impelled  point  is 
tgtucnled,  the  impuUion,  or  eifcctive  pressure,  must  be 
imimshed*     Nay,  tbu  velocity  may  be  so  incrensedt  that 
icrc  shall  be  no  relative  motion,  and  therefore  no  impul* 
>n.     If  the  Hoats  of  an  undershot  wheel  be  moving  with 
velocity  of  the  stream,  they  remain  conjoined  in  their 
[ress,  but  without  any  mutual  action.    Therefore,  when 
undershot  wheel  is  act  into  a  running  water,  the  first 
ipulsions  are  strongs  and  accelerate  the  wheel.     This  di- 
linikhoKthe  next  impulsion  and  acceleration:  but  the  wheel 
ill  impelled  and  accelerated  ;  less  and  lees  in  every  suo- 
ll{ig  moment,  as  it  moves  faster ;  by  and  by,  the  acce- 
leration becomes  insensible,  and  the  wheel  appears  to  attain 
1^^  motion  which  is  perfectly  uniform.    This  requires  l&  very 
^B<l^£[  time,  or  ratlier  it  is  never  attained,  and  we  only  can- 
not discern  the  very  small  additions  which  are  still  made  to 
le  velocity.     All  this  happens  generally  after  a  very  mo- 
irate  lime,  by  reason  of  various  other  obstructions. 
Animal  action  is  subject  to  the  some  variation.     We 
tow  that  there  is  a  certain  rate  at  which  a  horse  can  run,: 
Jiaustiog  or  employing  his  whole  strength.  If  he  be  made 
drag  any  the  smallest  load  after  him,  he  must  employ 
kart  of  his  force  on  it,  and  his  speed  will  be  checked.   The 
re  he  is  loaded  with  a  draught,  the  slower  be  will  run, 
employing  all  his  strcngUi.     The  draught  may  be  in- 
reased  till  he  is  reduced  to  a  trot,  to  a  walk,  nay,  till  he  is 
"viable  to  draw  it.   Now,  just  inverting  this  process,  we  see- 
that  there  is  a  certain  strain  which  will  sufliciently  tire  the 
horse  without  stirring  from  the  spot,  but  whicli  he  could 
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continue  to  exert  For  hours.  This  is  greater  than  the  loai 
that  he  con  crawl  along  with,  eiapIoYinrr  his  strength  tu 
much  as  would  be  prudent  to  continue  from  day  to  day. 
And,  in  like  manner,  evei^  lesser  draught  has  a  correspond- 
ing  rate,  at  which  the  horse,  employing  his  whole  working 
£trengih»  can  continue  to  draw  at  during  the  working 
hours  of  a  day.  At  setting  out^  he  pulU  harder,  and  acce- 
lerates it.  Following  his  pull,  he  walks  faster,  and  there- 
fore pulls  less  (because  we  are  still  supposing  him  to  employ 
his  whole  working  strength.)  At  last  he  attains  that  speed 
which  occupies  his  whole  strength  in  merely  continuing  the 
pull.  Other  animals  act  in  a  similar  manner;  and  it  be- 
comes a  general  rule,  tliat  the  pressure  actually  exerted  on 
the  impelled  point  of  a  machine  diminishes  as  its  Telocity 
increases. 

99'  From  tlie  concurrence  of  so  many  facts,  we  perceire 
that  we  must  be  careful  to  distinguish  between  the  quantity 
of  power  expended,  and  the  quantity  that  is  usefully  em- 
ployed, which  must  be  measured  solely  by  the  pressure  eX" 
erted  on  the  machine.  When  a  weight  of  five  pounds  is 
employed  to  drag  up  a  weight  of  three  pounds  by  means  of 
a  thread  over  a  pully,  it  descends,  with  a  motion  uniformly 
accelerated,  four  feet  in  the  first  second.  Mr  Smeaton 
would  call  this  an  expenditure  of  a  mechanical  power  20. 
The  weight  three  pounds  is  raised  four  feet.  Mr  Smeaton 
would  call  this  a  mechanical  cfiect  12.  Therefore  the  ef- 
fect pro<Iuced  is  not  adequate  to  the  power  expended.  But 
the  fact  is,  that  the  pressure,  strain,  or  mechanical  power 
really  exerted  in  this  experiment,  is  neither  five  nor  three 
pounds;  tlie  five-pound  weight  would  liave  fallen  16  feet, 
but  it  falls  only  four.  A  force  has  therefore  acted  on  it  suf- 
ficient to  make  it  describe  12  feet  in  a  second,  with  a  uni- 
formly accelerated  motion ;  for  it  has  counteracted  so  much 
of  its  weight.  The  thread  was  strained  with  a  force  equal 
to  3  J  pounds,  or  ^ihs  of  5  pounds.  In  hke  manner*  the 
.%pound  weight  would  have  fallen  l6  feet ;  but  it  was  raised 
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4  feet.  Here  was  a  change  precisely  equal  to  the  other.  A 
ibrce  of  3|  pounds,  actinir  on  a  mass  whose  matter  is  only 
S,  will,  in  a  second,  cause  it  to  describe  20  feet  with  a  uoi- 
Ibnnly  accelerated  motion.  Now,  5X1^  and  3  X20,  give 
the  some  product  60.  And  tlius  we  see,  that  the  quantity 
of  motion  extingui<>hed  or  produced,  and  not  the  product 
of  the  wci^rht  and  lieight,  is  the  true  unequivocal  measure 
of  mechanical  power  really  expended,  or  the  mechanical 
effect  really  produced,  and  that  these  two  are  always  equal 
and  opposite.  At  tlie  same  time,  Mr  Smeaton's  theo- 
rem merits  the  attention  of  engineers,  because  it  generally 
measures  the  opportunities  that  we  have  for  procuring 
the  exertion  of  power.  In  some  sense,  Mr  Smeaton  may 
say^  that  the  quantity  of  water  multiplie<l  by  die  height 
from  which  it  descends  in  working  our  machines,  is  the 
measure  of  tlie  power  expended,  because  we  must  raise 
this  quantity  to  tlie  dam  ai^ain,  in  order  to  have  the  same 
use  of  it.  It  is  expended,  but  not  employed  ;  for  the  water, 
at  leaving  the  wheel,  is  still  able  to  do  something. 

300.  It  requires  but  little  consideration  to  be  sensible  that 
the  preceding  account  of  the  cessation  of  accelerated  mo- 
tion in  our  princpal  machines,  must  introduce  different 
maxims  of  construction  from  those  which  were  expressly 
adapted  to  this  acceleration  ;  or  rather,  which  proceeded  on 
the  erroneous  supposition  of  the  constancy  of  the  impelling 
power  and  the  resistance.  The  examination  of  this  point 
has  brought  into  view  the  fundamental  principle  of  work*^ 
log  machines,  namely,  the  perfect  equilibrium  which  takes 
place  between  the  impelling  power  aud  the  simultaneous  re- 
ststance.     It  may  be  expre:i8ed  thus; 

The  force  required  for  presoxttig  a  fnachtnejn  uniform  mo^ 
tiori,  with  any  vcincity  whatever,  is  thai  which  is  necessary  for 
hniancing  the  resistance  that  actttaH\f  exerted  oft  the  vorking^ 
point  of  tlie  rnachifie.  We  saw  this  distinctly  in  the  instance 
of  the  two  weights  acting  against  eiich  other  by  the  inter- 
vention of  a  thread  over  a  fixed  pulley.     It  is  equally  true 
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of  every  case  of  acting  machinery :  for  if  the  force  at  the 
impelled  point  be  greater  than  what  balances  Uie  re^tmict 
acting  at  the  soino  point,  it  must  occeilcrate  that  poitit»  and 
therefore  accelerate  the  whole  machine;  and  Jf  tlie  iinpd- 
ling  force  be  less  tlian  diis,  the  machine  mu&t  immediatclj 
retard  in  ita  motion.  When  the  machine  has  once  acquired 
this  d^^ee  of  motion,  every  part  of  it  will  coniinoe  in  id 
present  slate  of  motion^  if  only  the  two  external  forcci  are 
in  equiJibrio,  but  not  otltcrwtse.  But  yvhen  the  pressure  of  the 
external  power  on  the  impelled  point  balancea  the  reuataoos 
opposed  by  that  point,  it  is  in  thct,  maintaining  the  eqniE* 
brium  with  tlie  external  power  acting  at  the  working 
point;  for  this  \a  the  only  wny  that  external  forces  can  b« 
set  in  opposition  to  each  other  by  the  intervention  of  fl 
body.  The  external  forces  arc  not  in  immediate  c<]uili* 
brio  with  each  other,  but  each  is  in  cquilibrio  with  the  fofM 
exerted  by  the  point  on  which  it  acts.  'This  force  exertel 
by  the  point  is  a  modification  of  the  connecting  Ibroei  oT 
the  body^  all  of  which  are  brought  into  action  by  meana  cf 
the  actions  of  the  external  forces,  and  each  is  accompanied 
by  a  force  precisely  equal  and  opposite  to  it.  Now,  cba 
principles  of  statics  teach  us  the  proportions  of  thcexternal 
pressures  which  are  thus  set  in  equilibrium  by  the  interven- 
tion of  a  body  ;  and  therefore  teach  us  what  proportion  of 
power  and  resistance  will  keep  a  machine  of  a  given  con* 
struction  in  a  state  of  uniform  motion. 

Hiis  proposition  appears  paradoxical,  and  contrary  lo 
common  observation;  for  we  6nJ,  that^  in  order  to  make  a 
mill  go  faster^  we  must  either  diminish  the  resisUnce,  or 
we  must  employ 'more  men,  or  more  water,  or  water  mo- 
ving with  greater  velocity,  &c.  But  this  arises  from  tome 
of  the  causes  already  mentioned.  Either  the  resistance  of 
the  work  is  greater  when  the  machine  is  made  to  move 
faster,  or  the  impulsion  of  the  power  is  diminished,  or  both 
thcae  changes  obtain.  Friction  and  resistance  of  air  also 
come  in  for  their  share,  &€<     The  actual  pressure  of  a  gi- 
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quantity  of  the  external  power  is  diminished,  and  thor^ 
re  more  of  it  must  be  employed.     When  a  weight  i&unU 
mthf  raised  by  a  machine,  the  pressure  exerted  on  it  by 
e  Working-point  is  precisely  equal  to  its  weight,  what- 
ever he  tlie  velocity  with  which  it  rises.     But,  even  in  this 
pJe«t  case,  more  natural  power  must  be  expended  ia 
der  to  raifie  it  latter;  because  either  more  natural  power 
must  be  employed  to  occeierate  tlie  external  matter  which 
is  to  prcNt  forward  the  impelled  point,  or  tlie  relative  mo- 
n  of  the  pressing  matter  will  be  diminished. 
It  ill  well  known,  that,  in  the  employment  of  the  mecha- 
c  powem,  whetlier  in  their  state  of  greate&t  simplicity,  or 
any  bow  combined  in  a  compUcated  machine,  if  the  ma- 
chine be  put  in  motion,  the  velocities  of  the  extreme  points 
(which  we  have  called  the  impelled  and  fporit/ii^^-points)  are 
iversely  proportional  to  the  forces  which  are  in  equilibrio 
iCfi  applied  to  these  points  in  the  direction  of  their  mo- 
tion.   This  is  an  inductive  proposition,  and  has  been  used 
St  the  foundation  of  systems  of  mechanics.     ItTis  unneces- 
snry  to  take  up  time  in  proving  what  is  so  familiarly  known ; 
coofiequently,  the  proflucts  of  the  pressures  at  those  points 
by  the  velocities  of  the  motions  are  equal;  that  is,  the  pro- 
duct of  the  pressure  actually  exerted  at  the  impelled  point 
oTa  machine  working  uniformly,  mukiplied  by  the  velocity 
that  point,  ia  equal  to  the  product  of  the  resistance  acta- 
ly  exerted  at  the  workin*r-point,  multiplied  by  the  velocity 
of  that  point,  that  is,  by  the  velocity  with  which  the  re- 
sistance is  overcome, 

pm—rn. 
Now,  ihe  product  of  the  resistance,  by  the  velocity  with  • 
which  it  is  overcome,  is  evidently  the  measure  of  the  per- 
formnoce  of  the  machine,  or  the  work  done.    TTie  protluct 
ol  tJic  actual  pressure  on  the  impelled  point,  by  the  vclodty 
of  that  point,  may  be  called  the  momentum  of  impulse, 
i01«  Hence  wc  deduce  this  proposition : 
Jn  qH  working  machittcs  which  have  acquired  a  uniform 
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tnoCion,  the  performance  of  the  machine  n  equal  to  the 
ttwi  of  impulse,^ 

ThU  is  a  proposition  of  the  utmost  importance  in  lire 
science  of  machines,  ami  leads  to  the  fundameotal  maxim 
of  their  construrlion.  Since  the  performance  of  a  machioe 
i»  equal  to  (he  aiomentum  of  impulse)  it  increases  and  di- 
minishes fllon^  with  it,  and  is  u  maximum  when  the  mo- 
mentum of  impulse  is  a  maximum ;  therefore*  the  fond*- 
mental  maxim  in  the  construction  of  n  machine  is  to  Gttfaiaa 
it  in  such  a  manner  that  the  niomcntiim  of  impulse  shail^ 
amaxiiiiumy  or  timt  iho  product  of  the  pressure 
exerted  on  the  impelled  point  of  the  machine  by  the  vehv 
cilj  with  which  it  moves  may  bo  as  great  as  possible*  Then 
are  we  certain  that  the  product  of  the  resistance^  by  the  ve- 
locity of  the  working-point,  is  as  great  as  posaiblei  provi- 
ded thnt  we  take  care  (hat  none  of  the  impulse  he  ncedlesly 
wasted  by  the  way  by  injudicious  communications  of  mo* 
tion,  by  friction^  by  unbalanced  \objAs,  and  by  reciprocal 
motiuxist  which  irrecoverably  waste  the  impelling  power. 


*  The  irath  of  Ibii  propoudon  lias  been  long  peFceJved  in  every  paftirvlar 

instance  that  happened  to  rngage  the  attention  \  hui  wc  do  not  recollect  u^ 
mechanician  berure  Mr  Ealrr  coDtidcring  it  as  n  genernl  irulh*  rspreniog  in 
a  few  wordi  ■  mechanical  law.  Tbii  celebrated  muthematidan  undvUuol* 
abent  the  jrear  1733,  or  1736,  a  generml  And  ajruematic  view  of  mactnttM*  bi 
order  to  foond  a  complete  theory  immediately  cotidacive  to  the  improTcaient 
of  practical  toechanics.  In  17kS  he  piibli^khed  the  first  pra^totitiona  of  this 
OBeful  theory  in  the  tenth  volume  of  the  Cammtnu  retrttppHtani,  cODtaminK 
the  excellent  djoamieal  tlicorems  of  which  we  have  given  the  tubitance.  lo 
the  third  volume  of  the  ComiTietif.  Ka\>i  Pelmpot.  he  prosecuted  the  lubject  S 
Hltle  farther ;  ond,  in  the  eighth  volume*  he  entered  on  wlml  we  are  now  ci^ 
gaged  in,  and  formally  announces  this  fundamental  proposition,  calling  tbeK 
two  products  the  mommtum  of  tmpHtie,  and  ibe  mitmtr^tum  nf  r^rtl.  It  it 
iDUcli  10  be  regretted  that  iliis  consummate  inothrmatician  <lid  nv(  conlinoe 
these  useful  laboars,  his  ardent  mind  being  carried  awaj  hy  more  «bstrasa 
speculations  in  all  the  most  refined  depMriments  of  roathematici  and  philoao- 
plijr.  No  maa  In  Europe  could  have  pro>ecuted  the  satjccl  with  laarc  Jadg- 
Wnit  and  laccrst.— See  also  Afcm.  Aeod.  Bcrfm,  1747  sad  I7dt« 
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Thh  maxim  holds  good  whether  the  resistance  remalaa 
constantly  llie  same,  or  varies  bj  any  law  whatever. 

102.  But  much  remains  to  be  done  for  the  improvement 
of  mechanical  science  before  we  can  avail  ourselves  of  this 
naxim^  and  apply  it  with  success.  The  chief  thing,  and  to 
this  we  should  give  the  most  unremitting  attention,  is,  to 
lc«m  the  chan^  which  obtain  in  the  actual  pressure  exert- 
ed by  those  natural  powers  which  we  can  command;  the 
changes  of  actual  pressure  produced  by  a  change  of  the  ve- 
locity of  the  impelled  point  of  the  machine.  These  depend 
on  the  specific  natures  of  those  powers,  and  are  difierent  in 
aimost  every  different  case.  Nothing  will  more  contribute 
to  the  improvement  of  practical  mechanics  than  a  series  of 
experiments,  well  contrived,  and  accurately  made,  for  dis^ 
covering  those  laws  of  variation,  in  the  cases  of  those  powers 

hich  are  most  frequently  employed.  Such  experiments, 
►owever,  would  be  costly,  beyond  the  abilities  of  an  indivi- 
;,<Iual  i  llicrefore,  it  were  greatly  to  be  wi6lie<l  that  public  aid 
i^erc  given  to  some  persons  of  skill  in  the  science  to  insti- 
tute a  regular  train  of  experiments  of  this  kind.  An  expe- 
rimental machine  might  be  constructed,  to  be  wrought 
either  by  men  or  by  cattle.  This  should  be  loaded  with 
some  kind  of  work  which  can  be  very  accurately  measuretlj 

id  the  load  varied  at  pleasure.     When  loaded  to  a  cer- 

in  degree,  the  men  or  cattle  should  be  made  to  work  at 
the  rate  which  they  can  continue  from  day  to  day.  The 
number  of  turns  made  in  an  hour^  multiplied  by  the  loady 
■will  give  the  performance  corresponding  to  the  velocities; 
snd  thus  will  be  discovered  the  most  advantageous  rate  of 
motion.  The  same  machine  should  also  be  fitted  for  grind- 
^jng,  for  sawing,  boring,  &c.,  and  similar  experiments  will 
discover  the  relation  between  the  velocities  with  which  tliese 
operations  arc  performed,  and  the  resistances  which  they 

:ert.  *  The  laws  of  friction  may  be  investigated  by  the 
machine.  It  should  also  be  fitletl  with  a  walking- 
wheel,  and  the  trial  should  be  made  of  the  slope  and  velo- 
city of  walking  which  gives  the  greatest  momcniiun  of  im- 
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tinguishing  velocity  e,  is  evidently  the  velocity  of  the  stream. 
Our  proposition  also  gives  us  the  precise  value  of  the  per* 
formancc.  1'he  impulse  of  the  stream  on  the  Aoat  at  reit 
being  supposed  ^J\  its  impulse  on  the  Hoat  moving  with 


the  velocity  §  e  roust  be  =  — f. 


This  IB  the  measure  of 


actual  pressure  p.     This  being  multiplied  by  m,  or  by  }  e, 

gives  r=J'     Nowy  is  considered  as  equal  to  the  weight  of 

a  column  of  water,  having  the  surface  of  the  floatboard  for 
its  base,  and  the  depth  ol  the  sluice  under  the  surface  of  the 
reservoir  (or,  more  accurately,  the  fall  required  for  gcn^ 
rating  the  velocity  of  the  stream)  for  its  height  Hence  it 
has  been  concluded,  that  the  utmost  performance  of  an  tto* 

dersbot  wheel  is  to  raise  -^  of  the  water  which  impels  it.  to 

the  height  from  which  it  falls.  But  this  is  not  found  very 
agreeable  to  observution.  Friction^  and  many  imperfcctioos 
of  execution  in  the  delivery  of  the  water,  the  direelioo  of 
its  impulse,  &c.  ma;  be  expected  to  make  a  defalcatioa 
from  tliis  theoretical  jierlormance.  But  the  actual  peHbroi- 
ance,  even  of  mills  of  acknowledged  imperfectioDy  consi- 
derably exceeds  this,  and  sometimes  is  found  nearly  d 
of  this  qaaniity.  The  truth  is,  that  the  particular  fact 
which  Mr  Parent  first  deduced  this  maxim,  (namely,  the 
performance  of  what  is  called  PareuCs  or  Dr  Barkcr^s  mifly) 
is,  perhaps,  of  all  that  could  have  been  selected,  the  least  cal- 
culated tor  being  the  fotmdation  of  a  general  rule,  being  of 
A  nature  so  abstruse,  that  the  first  mathematicians  of  £u* 
rope  are  to  this  day  doubtful  whether  they  have  a  just  con- 
ception of  itb  principles.*  MrSmeaton's  experiments  shew 


•  Sctf  the  £iliaburgb  Cncyclofwdift,  Ait.  IIiDRObYKAltJCta  (at  »  fuUvc- 
cc>uftt  Dftlic  tli»irjr  uf  this  carigui  msctime. — Ed. 


MACHINERY, 


235 


very  disdnctlyy  that  the  maximum  of  performance  of  aa 
under&hot  wheel  corre&ponck  to  a  velocity  considerably 
greater  than  one-third  of  the  stream,  and  approaches  near- 
ly to  one-half;  and  he  aiisigns  some  reasouB  fur  this  wliich 
Meem  well  founded.  But,  independent  of  this,  the  per- 
fecaumcc  of  Mr  Smeaton's  model  was  much  greater  than 
vhat  corresponds  witti  the  velocity  by  the  above-men tiuued 
esUmation  ofJ\  The  tlicory  of  the  impul^jion  of  Huids  is 
extremely  imperfect ;  and  Daniel  Bernoulli  shews,  from 
Yery  unquestionable  principles,  that  the  impulse  uf  a  narrow 
vein  of  fluid  on  an  extended  surface  is  double  of  what  was 
generally  supposed  ;  and  his  conclusions  are  abundantly 
confirmed  by  the  expcrinicnrs  adduced  by  him. 

105.  U  is  by  no  means  pretended,  that  the  maxim  of 
ootutruccion  is  reduced  to  tlie  great  simplicity  enounced  in 
proposition  now  under  consideration.     We  only  sup« 
that  a  case  had  been  obser^'eU  where  the  pressure 
:ed  by  some  natural  agent  did  follow  the  proportions 

r'.  This  being  admitted,  the  proposition  is  strictly  true, 
at  we  do  not  know  any  such  case ;  yet  is  the  proposition 
of  considerable  use :  for  we  can  af&rm»  on  the  authority  of 
our  own  observalions,  that  the  action  both  of  men  and  of 
draught  horses  does  not  deviate  very  far  from  the  propor- 
tions of  V*,  The  observations  were  made  on  men  and  horses 
tracking  a  lighter  along  a  canal,  and  working  several  days 
together,  without  having  any  knowledge  of  the  purpose  of 
the  observations.  The  force  exerted  was  6rst  measured  by 
e  curvature  and  weight  of  the  track-rope,  and  afterwards 
y  a  spring  steelyard.  This  was  multiplied  by  the  number 
f  yards  per  hour,  and  the  product  considered  as  the  mo- 
mentum. We  found  the  action  of  men  to  be  very  nearly  as 
The  action  of  horses^  loaded  so  as  not  to  be  able 

1.7 


at 


trot,  was  nearly  as  e 

The  practitioner  can  easily  avail  himself  of  the  maxim, 
although  the  function  q  sliould  never  be  reduced  to  any 
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pulse.    It  is  not  unreasonable  to  expect  great  advantig^ 
from  such  a  train  of  experiments. 

103.  Till  this  be  done,  we  must  content  ourselvea  widi 
establishing  the  above,  in  the  most  general  terms,  appli- 
cable to  any  case  in  which  the  law  of  the  Tariation  of  force 
may  hereafter  be  discovered. 

There  is  a  certain  velocity  of  the  ilnpelled  point  of  a  ma- 
chine which  puts  an  end  to  the  action  of  the  moving  power. 
Thus^  if  the  floats  of  an  undershot  wheel  be  moving  widi 
the  velocity  of  the  stream^  no  impulse  is  made  on  than.  If 
the  arm  of  a  gin  or  capstan  be  moving  with  that  vdodtj 
with  which  a  horse  or  a'  man  can  just  move^  so  as  to  c(mti- 
nue  at  that  speed  from  day  to  day,  employing  all  his  work^ 
ing  strength^  but  not  fatiguing  himself;  in  this  state  of  mo- 
tion,  the  animal  can  exert  no  pressure  on  the  machinei 
This  may  be  called  the  extinguishing  velocitt,  and  we 
may  express  it  by  the  symbol  e.  Let  /  be  that  degree  of 
force  or  pressure  which  the  animal  can  exert  at  a  deadpafl 
or  thrust,  as  it  is  called.  We  do  not  mean  the  utmost 
strain  of  which  the  animal  is  capable^  but  that  which  it  can 
continue  unremittingly  during  the  working  hours  of  a  day, 
fully  employing^  but  not  fatiguing  itself.  And  let  p  be  the 
pressure  which  it  actually  exerts  on  the  impelled  point  of  a 
machine,  moving  with  the  velocity  m.  Let  e  —  m  be  called 
the  RELATIVE  VELOCITY,  and  let  it  be  expressed  by  c.  And 
let  it  be  supposed  that  it  has  been  discovered,  by  any  meant 
whatever,  that  the  actual  pressure  varies  in  the  proportion 
of  ©*,  or  e — w^.     This  supposition  gives  us  e'  :  «'  =y:  pt 

andp  =/  X  -^>  For  the  machine  must  be  at  rest,  in  or- 
der that  the  agent  may  be  able  to  exert  the  force  y  on  ha 
impelled  point.  But  when  the  machine  is  at  rest,  what  we 
have  named  the  relative  velocity  is  e,  the  whole  of  the  eztln* 

.  guishing  velocity, 

q 

The  momentum  of  Impulse  is  p  «i,  that  is  -:/»»»  oryx 
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—  X  e — ^(becausein  =  p — tp.)  Therefore/  x  —  X  e — v 

miut  be  made  a  maximum.  But/  and  e^  are  two  quanti- 
ties which  8u£fer  no  change.  Therefore  the  momentum  of 
impulse  will  be  a  maximum  when  ifi  x  e— u  is  a  maxi- 
mum. Nowtj^  x  e — v^tfle  —  tJ^  r,  z=:ift  e — ««+',  The 

flnxi(m  of  this  is  j^e  o^~' v— ^  +  Iv^  i.  This  being  sup- 
posed =  <^  we  have  the  equation 

And  y «  =  q+  1 V 
Hier^ie  v  =  -^ 

And  ffi,  which  is  :=  e — v,  becomes  — — .    Therefore  we 

most  order  matters  so,  that  the  velocity  of  the  impelled 

point  of  the  machine  may  be  zr — - — .    Now  p  is  =  /*  ?» 

J  +  1  ^  *^  e« 

Mid  therefore  a/ X      ^\.    And  p  m,  =  f  .==£^nu 

momentum  of  impulse^  and  therefore  =  the  momentum 
of  eS^9  or  the  performance  of  the  machine,  when  in  its 
best  state. 

104.  Thus  may  the  maxim  of  construction  be  said  to  be 
brought  to  a  state  of  great  simplicity^  and  of  most  easy  re- 
collection. A  particular  case  of  this  maxim  has  been  long 
known,  having  been  pointed  out  by  Mr  Parent.  Since  the 
action  of  bodies  depends  on  their  relative  velocity,  the  im- 
pulse of  fluids  must  be  as  the  square  of  the  relative  velocity. 
From  which  Mr  Parent  deduced,  that  the  most  advanta- 
geous velocity  of  the  floats  of  an  undershot  wheel  is  one- 
third  of  that  of  the  stream.  This  maxim  is  evidently  in- 
cluded in  our  general  proposition;  for,  in  this  case,  the 
index  q  of  that  function  of  the  relative  velocity  r,- which  l» 
proportional  to  the  impulse^  is  =  2.    Therefore  we  have 
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algebraic  form.  He  has  only  to  institute  a  train  dexpai' 
meats  on  the  natural  agent^  and  select  that  vdoci^  wbidi 
gives  the  highest  product  when  multiplied  by  its  oorre- 
^onding  pressure. 

J  06.  When  this  selection  has  been  made^  we  hmve  two 
ways  of  giving  our  working-machine^  the  maximum  of  c& 
feet,  having  once  ascertained  the  prc^urey  which  our  na- 
tural power  exerts  on  the  impelled  point  of  the  machiiw 
when  it  is  not  allowed  to  move. 

1 .  When  the  resistance  arising  from  the  work,  and  from 
friction^  is  a  given  quantity ;  as  when  water  is  to  be  nuted 
to  a  certain  height  by  a  piston  of  given  dimensiona. 

Since  the  friction  in  all  the  communicating  parts  of  the 
machine  varies  in  the  same  proportion  with  the  pressure  and 
since  these  vary  in  the  same  proportion  with  the  resistaooe, 
the  sum  of  the  resistance  and  friction  may  be  represented 
hy  br,  b  being  an  abstract  number.  Let  n  be  the  unde* 
termined  velocity  of  the  working-point ;  or  let  m  :  n  be  the 
proportion  of  velocities  at  the  impelled  and  workin^-points. 
Then,  because  the  pressures  at  these  points  balance  eadi 
other,  in  the  case  of  uniform  motion,  they  are  inversely  as 
the  velocities  at  those  points.     Therefore  we  must  make 

5r:p=m:«,and«=£^,  =  l±i! ,  =  «=^| , 

^  br  br        '  J^fV 6  r 

or  m:n  =y  +  1'  Xbr:  q^lf, 

9.  On  the  other  hand,  when  fn  :  n  is  already  given,  by 

the  construction  of  the  machine  but  6  r  is  susceptible 

of  variation^  we  must  load  the  machine  with  more  and 

more  work,  till  we  have  reduced  the  velocity  of  its  impelled 

point  to  — f—. 

In  either  case,  the  performance  is  expressed  by  what  ex- 

q 

presses p ro,  that  is,  by/e  X i-_. .  .  But  the  useful  pcr- 

9+l' 
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formancc,  which  is  really  the  work  donc^  will  be  had  by 
dividing  the  value  now  obtained  by  the  number  b,  which 
expri*fch€»  the  sum  of  Uie  rcsi&tance  overcome  by  the  work- 
ing-point and  the  friction  of  the  mochiue. 

What  has  been  now  delivered  contains,  we  imagine,  the 
chief  principles  of  the  theory  of  machines^  and  points  out 
the  way  in  which  we  must  proceed  in  applying  them  to 
every  case.  The  reader,  we  hope,  Keea  cirarly  the  imper- 
fection of  a  consideration  of  machines  wliich  proceeds  uo 
farther  than  the  statement  of  the  proportions  of  the  dmul- 
taneous  pressures  which  arc  excited  in  all  the  parts  of  the 
machine  by  the  application  of  the  external  forces,  which 
we  arc  accustomed  to  call  the  power  and  die  Wfisht,  Unless 
we  lake  also  into  consideration,  the  immediate  effect  of  me- 
chanical force  applied  to  body,  and  combine  this  with  all 
the  pressures  which  statical  principles  have  enabled  us  to 
aacertain,  and  by  this  combination  be  able  to  say  what  por- 
tion of  unbalanced  force  there  is  acting  at  one  and  all  of 
the  pressing  points  of  the  machine,  and  what  will  be  the 
XDOtion  of  evcii/  part  of  it  in  consequence  of  this  overplus, 
we  have  acquired  no  knowledge  that  can  be  of  service  to  us. 
We  liave  been  contemplating^  not  a  working  machine,  but 
a  sort  of  balance.  But,  by  reasoning  about  these  unba- 
lanced forces  in  the  same  simple  manner  as  about  the  fall  of 
heavy  bodies,  we  were  able  to  discover  the  momentary  ac- 
celerations of  every  part,  and  the  sensible  motion  which  it 
would  acquire  in  any  assigned  time,  if  all  the  circumstances 
remaiB  the  same*  We  found  that  the  results,  although  de- 
duced from  unquestionable  principles,  were  quite  unlike  the 
observed  motions  of  most  working  machines.  Proceeding 
still  on  llie  same  principles,  we  considered  this  deviation  as 
the  indication,  and  the  precise  measure,  of  something  which 
we  had  not  yet  attended  to,  but  which  the  deviation  brought 
into  view,  and  enable<l  us  to  ascertain  with  accuracy.  These 
are  tlie  changes  which  happen  in  the  exertions  of  our  ac- 
taating  powers  by  the  velocity  with  which  we  find  it  con- 
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Tenient  to  make  them  act.  Thus  we  leani  more  of  the 
lure  of  those  powers ;  and  we  found  it  necessary  to  distia- 
gui&h  carefully  between  the  apparent  magnitude  of  our  a^ 
tuating  power  and  its  real  exertion  in  doin^  our  work. 
This  consideration  led  us  to  a  fundamental  proposition 
concerning  all  working  machines  when  they  have  attatmd 
an  uniform  motion  ;  namely,  that  the  power  and  resit 
then  really  exerted  on  the  machine  precisely  balance 
other,  and  that  the  machine  is  preci^ly  in  the  conditicm 
a  steelyard  loaded  with  its  balanced  weights,  and  moved 
round  its  axis  by  some  external  force  distinct  from  the 
power  and  the  weight.  We  found  that  this  force  is  tht 
previous  overplus  of  impelling  power,  l^efore  the 
had  ac(]uired  the  uniform  motion  ;  and  on  this  occasion 
learned  to  estimate  the  effect  produced,  by  the  momentom 
(depending  on  the  form  of  the  machine)  of  the  quantity  ^ 
motion  produced  in  the  whole  assemblage  of  power,  resist* 
ance,  and  machinery. 

107.  The  theory  of  machines  seemed  to  be  now  bi 
back  to  that  simplicity  of  equilibrium  which  wg  had 
was  so  imperfect  a  foundation  for  a  theory  $  but  in  avail* 
ing  ourselves  of  the  maxim  founded  on  this  general  pr^ 
position,  we  saw  that  tlic  equilibrium  is  of  a  very  difief* 
ent  kind  from  a  quiescent  equilibrium.  It  necessarily  in* 
vulvrs  in  it  the  knowledge  of  the  momentary  accdcrfttiaM 
and  tlieir  momenta  ;  without  which  wc  should  not  perceive 
that  one  state  of  motion  is  more  advantageous  than  aoo> 
ther,  because  all  give  us  the  same  proportion  of  fbroca  in 
equiiihrio. 

But  this  is  not  the  only  use  of  the  previous  knowledge  of 
the  momentary  accelerations  of  machines  ;  there  are  many 
cases  where  the  machine  workb  in  this  very  state.  Uasy 
machines  accelerate  throughout  while  performing  thoir 
work;  and  their  efficacy  depends  entirely  on  the  finsJ  aco^ 
Icraiion.  Of  this  kind  is  the  coining-press,  the  great  Soxgt 
mt  tilt-mill,  and  some  other  capital  engiiiee.    The 
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aDgine,  mnd  the  common  pump,  are  necessarily  of  thla  class, 
•llhough  their  efficacy  is  nut  estimated  by  their  final  accc* 
leration.  A  great  number  of  engines  have  reciproca^ng 
snotionf  in  different  subordinate  parts.  The  theory*  oi  all 
such  engines  requires  for  its  perfection  an  accurate  kuuvr- 
Icdge  of  the  momentary  accelerations;  and  we  must  use  the 
formulse  contained  in  the  first  part  of  this  article. 

108<  Still,  however,  the  application  of  this  know1edf;e  hat 
many  difficulties,  which  make  %  good  theory  of  such  ma- 
chines a  much  more  intricate  and  complicated  matter  thnn 
we  have  yet  led  the  reader  to  suppose.  In  most  of  Uiesc 
enginoB,  the  whole  motion  may  be  divided  into  two  parts. 
Odo  may  be  called  the  working-strokb,  and  the  other,  in 
which  the  working-points  are  brought  back  to  a  situation 
which  fits  them  for  acting  again,  may  be  called  the  ub* 
TVBtflKo-STRORE.  This  return  must  be  effected  either  by 
memm  of  some  immediate  application  of  the  actuating 
power,  or  by  some  other  force,  which  is  counteracted  du- 
ring the  work ing-stroke^  and  must  be  considered  as  making 
put  of  the  rcftititance.  In  the  steam-engine,  it  is  generally 
done  by  a  counterpoise  on  the  outer  end  of  the  great  work- 
ing'beam.  This  must  be  accounted  a  part  of  the  resistance^ 
for  It  mast  be  raised  again ;  and  the  proportions  of  the 
machine  for  attaining  the  maximum  must  be  computet!  ac- 
cordingly. The  quantity  of  this  counterpoise  must  be  ad- 
justed by  other  eonsiderations.  It  must  be  such,  that  the 
deaeent  of  the  pump-rods  in  the  pit  may  just  etttpioy  (he 
9hoh  time  that  is  necessary  for  filling  the  cylinder  with 
If  they  descend  more  briskly,  (which  an  unskilful 
likes  to  sec,)  this  must  be  done  by  means  of  a 
greater  counterpoise,  and  this  employs  more  power  to  raiao 
it  again.  Dcsaguliers  describes  a  very  excellent  machine 
fbr  nusing  wnicr  in  a  bucket  by  a  man's  stepping  into  an 
opposite  bucket,  and  descending  by  its  prcponderuncy. 
"When  he  cornea  to  the  bottom,  he  steps  out,  goes  up  a 
9taiTp  and  finds  the  bucket  returned  and  ready  to  receive 
kim  agiio.  This  machine  is  extremely  simple,  and  perhaps 
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the  best  that  can  be  coutrivcd ;  and  yet  it  la  one  of  ihe  sat 
likely  to  be  a  very  bad  one.  The  backet  into  whidi  tha 
mag  steps  must  be  broujirht  up  to  iu  pJacc  again  by  a  pUK 
pondcraiicy  ill  the  machine  when  unloiidcd.  It  may  be  n* 
turned  sooner  or  later.  It  should  arrive  precisely  at  the 
same  time  with  the  man.  If  sooner,  it  is  of  no  uae,  aod 
wastes  power  in  raising  a  counterpoise  which  is  ncedJcnly 
heavy ;  if  later,  time  is  lost :  therelbre,  the  perfection  of 
this  very  simple  machine  requires  the  judicious  combination 
of  two  maximums,  each  of  which  vafies  In  a  ratio  com- 
pounded of  two  otlicr  ratios.  Suppose  Uie  man  to  empkf 
a  minute  to  go  up  stairs  ^0  feet,  which  is  very  nearly  wbal 
he  can  do  from  day  to  day  as  his  only  work,  and  6up| 
him  to  weigli  150  pounds,  and  that  he  acts  by  meana 
fiimple  pulley — the  maximum  for  a  lever  of  equal  arm$ 
would  require  him  to  raise  about  60  pounds  of  water.  But 
when  all  the  other  circumstonceti  are  calculated,  it  will  be 
found  that  he  must  raise  138  pounds  (neglecting  the  inertia 
of  the  machine.)  He  should  raise  542  pounds  10  feet  in  ft 
minute ;  and  this  is  nearly  the  most  exact  valuation  of_^ 
man's  work. 

There  is  the  same  necessity  of  attending  to  a  variety 
circumstances  in  all  machines  wliich  reciprocate  in  the 
whole  or  any  considerable  part  of  their  motion.  The  forc« 
employed  for  bringing  the  machine  into  another  working 
position,  must  be  regulated  by  the  time  necessary  for  ob- 
taining a  new  supply  of  power ;  and  then  the  proportion  of  91 
to  n  must  be  so  adjusted,  that  the  work  performed,  divided 
by  the  ulwle  time  of  the  working  and  returning  stroke^ 
may  give  the  greatest  quotient.  It  is  still  a  difficult  thing, 
therefore,  to  construct  a  machine  in  the  most  perfect  man- 
ner, or  even  to  say  what  will  be  the  pertbrmancc  of  a  ma- 
chine already  constructed ;  yet  we  see  that  every  circum- 
stance is  susceptible  of  accurate  computation. 

With  respect  to  machines  which  acquire  a  sort  of  uni- 
ibrm  motion  in  general,  although  subject  to  partial  red* 
procatioDs^  as  in  a  pumping,  8tamping9  forging-engiQ^  it 
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IS  also  difficult  to  assign  the  rale  even  of  this  general  uni- 
form motion.  We  may,  however,  say,  that  it  will  not  be 
greater  tlian  if  it  were  uniform  throughout.  Were  it  en- 
tirely (ree  from  friction,  it  would  be  exactly  the  same  as  if 
ttniform;  because  the  acct^lerotlons  during  the  advantageous 
utuations  of  the  irapclJlng  power  would  compensate  the  re- 
tardations^  But  friction  diminishes  the  accelerations,  with- 
out diminishino:  the  retardations. 


jprc 


We  may  conclude  this  article  with  some  observations 
tending  to  the  general  improvement  of  machines, 

]09.  Nothing  contributes  more  to  the  perfection  of  a  ma- 
chine»  especially  such  as  is  massive  and  ponderous,  than 
eat  uniformity  of  motion.     Every  irregularity  of  motion 

stes  some  of  the  impelling  power;  and  it  is  only  the 
grealest  of  the  varying  velocities  which  is  equal  to  that 
which  ihe  macliine  would  acquire  if  moving  uniformly 
tJiroughout;  for,  while  the  motion  accelerates,  the  impel- 
ling force  is  greater  than  what  balances  the  resistance  then 
actually  opposed  to  it,  and  llie  velocity  is  Jess  than  what 
the  machine  would  acquire  if  moving  uniformly;  atid  when 
the  machine  atutins  its  greatest  velocity,  it  attains  it  be- 
cause the  power  is  then  not  acting  against  the  whole  resist- 
ance. In  bolii  of  these  situations,  therefore,  the  perform- 
ance of  (he  machine  is  less  than  if  the  power  and  resistance 
were  exactly  balanced ;  in  winch  case  it  would  move  uni- 
formly, 

)  10.  Every  attention  should,  therefore,  be  given  to  this, 
ftod  we  should  endeavour  to  remove  all  cause  of  irregulari- 
ty. The  communications  of  motion  should  be  so  contrived, 
that  if  the  impelled  point  be  moving  uniformly,  by  the  uni- 
ibrm  pressure  of  the  power,  the  working-point  sh^  also  be 
moving  uniformly.  Then  we  may  generally  be  certain,  that 
the  massy  ports  of  the  machine  will  be  moving  unifom^ly. 
AVhen  this  is  not  done  through  the  whole  machine,  there 
are  continual  returns  of  strains  and  jolts ;  the  inertia  of  the 
different  parts  acting  in  opposite  directions.    Although  the 
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whole  xnomentA  may  always  balanco  eadti  otheri  yet  thegj^ 
neral  motion  is  holtbling,  and  tlie  points  of  aupport  av 
Atraincd.  A  grc&t  engine  eo  conitriicled,  commonly  camtf 
the  builtiinjirto  tremble;  but  when  Uniterm  motion  p4^rv)tdci 
the  whole  mnchiiie,  tlie  inertia  of  each  part  tenila  to  pfc- 
serre  Uiis  uniformity,  and  all  goes  smoothly.  It  is  Akode* 
•erring  of  remark,  that  when  the  eommunicationa  arc  w 
contrived  that  die  uniform  motion  of  one  part  prodaoa 
uniform  motion  on  the  next*  the  prewureB  at  the  commmfr- 
cating  points  remain  constant  or  invariable.  Now  the  ac- 
complishing of  this  is  alwnyB  within  the  rt^ich  of  IM- 
clmnics. 

111.  One  of  the  most  usual  communications  in  nviihii,:- 
ry  is  by  means  of  toothed  wheels  acting  on  cadi  other,    i: 
is  of  importance  to  have  the  tectli  so  formed,  that  the  pren^ 
tire  by  which  one  of  them  A  urges  the  other  B  round  iJi 
axis,  ahull  be  constantly  the  same.    It  can  easily  be  deoum- 
6trated,  that  when  this  i«  the  case,  the  uniform  angular  mo- 
tion of  the  one  will  produce  a  uniform  angular  motJoo  of 
the  other ;  or,  if  the  motions  arc  tlius  uniform,  the  pnss- 
ures  ard  invariable.  This  is  accomplished  on  this  principal 
that  the  mutual  actions  of  solid  bodies  on  each  other  in  ibc 
way  of  pressure,  arc  perpendicular  to  the  touching  sOffocCfti 
Therefore,  let  the  tooth  a  (Plate  VIII.  fig.  u)  press oo  tlw 
tooth  A  in  the  point  C  j  and  draw  the  line  FCDE  perpendi- 
cular to  the  touching  surfaces  in  the  point  C.     Draw  AFi 
BE  perpendicular  to  FE,  and  let  FE  cut  the  line  AB  in  D- 
It  is  plain,  from  the  common  principles  of  raechanicSf  that  if 
the  line  FE,  drawn  in  the  manner  now  described,  aJwajv 
through  the  same  point  D,  whatever  may  be  tht  sit 
of  the  acting  teeth,  the  mutual  action  of  the  wheels  wUl  *!-• 
ways  be  the  same.     It  will  be  the  same  as  if  the  arm  AD 
acted  on  the  arm  BD.    In  the  treatises  on  the  construct 
of  mills,  and  other  works  of  this  kind,  are  many  instro 
for  the  formation  of  the  teeth  of  wheels;  and  almost  ev 
noted  millwright  has  his  own  nostrums.     Most  of  theni 
rgrcgiously  faulty  in  respect  of  mechanical  principle*     I 
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I,  they  are  little  else  than  instructionB  how  to  make  the 
teeth  clear  each  other  without  sticking.  Mr  de  la  Hire 
first  pointed  out  the  above-mentlooed  principle,  and  justly 
condemned  the  common  practice  of  making  the  small  wheel 
or  pinion  in  the  form  of  a  lantern,  (whence  it  also  took  its 
name]  consisting  of  two  round  dibks,  having  a  number  of 
cylindrical  spokes  (fig.  2.)  The  slightest  inspection  of  this 
con&tmction  shews,  that,  in  the  diHerent  situations  of  the 
working  teeth,  the  line  FCE  continunify  changes  its  intex^- 
flcction  witli  AB.  If  the  wheel  B  be  very  small  in  comp»> 
rison  of  ihc  other»  and  if  the  teeth  of  A  take  deep  hold  of 
tlie  cylindrical  pins  of  B,  the  line  of  action  EF  is  sometimes 
8o  disadvantageous!}-  placed,  that  the  pressure  of  the  one 
wbed  has  scarcely  any  tendency  at  all  to  turn  the  other.  Mr 
dc  la  Hire,  or  Dr  Hookc,"  was,  we  think,  the  first  who  in- 
yeHigated  the  form  of  tooth  which  procured  thia  constant 
action  between  the  wheels ;  and,  in  a  very  ingenious  disser- 
tation^  published  among  the  Memoirs  of  the  Academy  of 
Sciences  at  Paris,  166B^  the  former  of  these  gentlemen 
ew»,  that  this  will  be  ensured  by  forming  the  teeth  into 
cycloids.  Mr  Camus,  of  the  same  academy,  has  publish- 
ed an  elaborate  dissertation  on  tbe  same  subject,  in  which 
Im  proMcutea  the  principle  of  Mr  do  la  Hire,  and  applies  it 
to  hU  the  variety  of  cases  which  can  occur  in  practice.f 
There  is  no  doubt  as  to  the  goodness  of  tlie  principle ;  and 
it  liaa  another  excellent  property,  "  that  the  mutual  action 
ofthctceth  is  absolutely  without  anyfriction."  The  one  tooth 
only  appHes  itself  to  the  other,  and  rolls  on  it,  but  does  not 
alide  or  nib  in  the  smallest  degree.  This  makes  them  last 
k>Dg^  or  mther  does  not  allow  them  to  wear  in  the  least. 


*  This  propertj  or  the  Epicycloid  wai  6r9t  pointed  out  bj  the  cclebraled 
Djffiiih  aalrDnonicTj  01au9  Rormer. 
t  CAniusB  Di»criatiOD  on  the  Teeth  of  Wheels,  u  publi8hrdinhiiCo«rf  c/e 
tmHtmati^e,  bfts  be«n  traniUtcd  ioto  EnglUh,  aod  was  pabliihed  in  1806. 
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Bnt  (he  coiistrnetiun  is  subject  to  a  limitatioii  wLtch  mnsc 
not  lie  noglcctcil.  The  teeth  must  be  so  luailcf  tbaC  xlit 
curved  part  of  the  tooth  b  w  acted  on  by  a  Hat  port  of  the 
tooth  a  till  it  comes  to  the  line  AB  in  the  courae  of  its 
action  ;  ailcr  which,  tlic  curved  part  oi'a  act«  on  a  flat  part 
of  b;  or  the  whole  action  of^  on  b  is  either  completed,  ar 
only  begins  nt  the  line  A  B^  joining  the  centres  ot  rf  '  c.'s, 
112.  Another  fonn  of  the  teeth  secures  iJie  |  mi* 

fonnity  of  action  without  this  limitation*  which  requira 
Tery  nice  execution.     Let  the  tectli  of  each  wIr   '  ! '         m- 
ed  by  evolving  its  circumference  ;  that  is,  let  tin.    ;       ^  '.au 
GCH  of  the  tooth  a  have  the  form  of  the  curve  traced  by 
the  extremity  of  the  thread  FC,  unlapped  from  the  clmun- 
fcrence.     In  like  manner^  let  the  acting  face  of  the  tooth  A 
be  formed  by  nnlapping  a  thread  from  itscircumferenoei  It 
b  evident,  that  the  line  FCEy  wliich  is  drawn  perpcndicn* 
Jarly  to  the  touching  surfaces  in  the  point  C,  is  juit  the  dh 
rection  or  position  of  the  evolving  threads  by  which  il>e  iwtJ 
acting  faces  arc  formed.     This  line  must  thercTore  be  the 
common  tangent  to  the  two  circles  or  circumferences  of  the 
wheels,  and  will  therefore  always  cut  the  line  AB  ia  the 
same  point  D.     This  form  allows  the  teeth  to  act  on  each 
other  through  tlie  whole  extent  of  the  line  FCE,  and  llier^ 
fore  will  admit  of  several  teeth  to  be  acting  at  the  iam« 
time  (twice  the  number  that  can  be  admitted  iu  Air  dek 
Hire's  method.)    This,  by  dividing  the  pressure  among i^ 
veral  teeth,  diminishes  its  quantity  on  any  one  of  tbcm^  and 
therefore  dimiiiislies  the  dents  or  impressions  which  they 
unavoidably  make  on  each  other.     It  is  not  altogether  frc» 
from  sliding  and  friction,  but  the  whole  of  it  can  hardly  be 
said  to  be  sensible.  The  whole  slide  of  a  tooth  tliree  inclid 
long,  belonging  to  a  wheel  of  ten  feet  diameter,  acting  on 
a  tooth  of  a  wheel  of  two  feet  diameter,  does  not  amount  to 
^gtb  of  an  inch,  a  quantity  altogether  insigni6canu 

In  the  formation  of  the  teeth  of  wheels,  a  small  dcvlatiim 
from  these  perfect  forms  is  not  perhaps  of  \exj  great  in^ 
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portancc^  cxcq>t  in  cases  where  a  very  large  wheel  drives  a 
Tcry  amall  one  (a  thing  which  a  good  engineer  will  alwaj» 
avoid.)  As  the  construction,  however,  is  exceedingly  easVf 
it  would  be  uopardonablc  to  oxnit  it.  Well-formed  teeth, 
and  a  great  cumber  of  them  acting  at  once^  make  the  conl- 
■nUDcation  of  motion  extremely  smooth  nnd  uniform,  llie 
BMciiJiie  works  witliout  noise,  and  the  teeth  last  a  verv 
long  time  without  sensibly  changing  thdr  shape.  But 
there  are  cases,  such  as  the  pallets  of  clocks  and  watches, 
where  the  utmost  accuracy  of  form  is  of  the  grcalest  import- 
ance for  the  perfection  of  the  work. 

1 13.  Wh«i  heavy  stampers  arc  to  be  raised,  in  order  to 
drop  on  the  matters  to  be  pounded,  the  wipers  by  which 
they  are  lifled  should  be  made  of  such  a  form  thnt  tho 
stamper  may  be  raised  by  a  uniform  pressure,  or  wiili  a  mo- 
tion almost  perfectly  uniform.  If  this  is  not  attended  to, 
and  the  wiper  is  only  a  pin  sticking  out  from  the  axis^  the 
ttasnper  is  forced  into  motion  at  once.  This  occasions  vio- 
knt  jolts  to  the  machine,  and  great  strains  on  its  moving 
parts  and  their  points  of  support;  whereas,  when  they  are 
gradually  lifled^  the  inequality  of  desultory  motion  isne^'er 
ftk  at  the  impelled  point  of  the  machine.  We  have  seen 
plrtOBs  moved  by  means  of  a  double  rack  on  the  piston-rod. 
A  half  wheel  takes  hold  of  one  rack,  and  raises  it  to  the  re- 
qutre<I  height.  The  moment  the  half  wheel  has  quitted  that 
side  of  the  rack,  it  lays  hold  of  the  other  side,  and  forces 
the  piston  down  again.  This  is  proposed  as  a  great  im- 
provement; correcting  the  unequable  motion  of  the  piston 
moved  in  the  common  way  by  a  crank.  But  it  is  far  infe- 
rior to  the  crank  motion.  It  occasions  such  abrupt  chan- 
ges of  motion,  that  the  machine  is  shaken  by  jolts.  In- 
deed, if  the  movement  were  accurately  executed,  the  ma- 
chine would  be  shaken  to  pieces,  if  the  parts  did  not  give 
way  by  bending  and  yielding.  Accordingly,  wc  have  al» 
ways  observed  that  this  motion  soon  failed,  and  was  chan- 
ged for  one  that  was  more  smooth.     A  judicious  engineer 

rou  II.  R 


246 


MACHIN£U7< 


will  avoid  all  such  sudden  clmn^  of  motion^  csped«llj  in 
any  pondcrons  part  of  a  machine.* 

When  several  stampers,  pistons,  or  ether  reciprood 
▼C!FS,  are  to  be  raised  and  depressed,  common  sense 
us  to  distribute  their  times  of  action  in  a  unlfom  nianDer» 
so  that  the  machine  may  always  be  equally  loaded  with 
work.  When  this  istlonef  and  the  obscrvatioos  in  the  pie- 
ceding  paragraph  attended  to,  the  machine  mav  be  mi^ 
to  move  almost  as  smoothly  as  if  there  were  no  reciproot- 
tlons  in  it.  Nothing  shews  the  ingenuity  of  the  autboc 
more  than  the  artful,  yet  simple  and  effectual  contrirano% 
for  obviating  those  difficulties  that  unavoidably  oroc  frocn 
the  very  nature  of  the  work  that  must  be  performed  lij  libc 
machinoy  and  of  the  power  employed.  The  inventive  ge- 
nius and  sound  judgment  of  Wait  and  Boulton  are  ai per- 
ceptible to  a  skilled  observer,  in  these  subordinate  parttof 
aome  of  their  great  engines,  as  in  the  original  discovery  on 
which  tlieir  patent  is  founded.  In  some  of  those  etigam, 
the  mass  of  dead  matter  which  must  be  put  into  cnotiooy 
and  this  motion  destroyed  and  again  restored  in  ereiy 
stroke,  is  enormous,  amounting  to  above  an  hundred 
The  ingenious  authors  have  even  contrived  to  draw 
advantages  from  ic,  by  allowing  a  great  want  of  equilibriOBi 
in  certain  positions ;  and  this  has  l>een  condemned  U  t 
blunder  by  engineers  who  did  not  see  the  use  maile  of  fl- 

114.  There  is  also  great  room  fisr  ingenuity  and  geod 
choice  in  the  management  of  the  moving  power,  when  it  is 
such  as  cannot  immediately  produce  the  kind  of  motion  t^ 
quired  for  efiecting  the  purpose.  We  mentioned  theconver- 
siou  of  the  continued  rotation  of  an  axis  into  the  reciproca- 
ting motion  of  a  pistoni  and  the  improvement  which  wa» 


•  Far  fortlier  iRfornalion  on  Ibis  subject,  %tc  Cmuus'  C^irri  d«  JWiiMm* 
r^fx*  $  550  ;  Robertion  Baciiaaan'»  Fmh^  mi  the  Teeth  of  Whtrti.  lii*n$imi 
ld09;  ud  Fergiuoa't  Lecture^  toL  ii.  Appcitdix«-*E». 
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thought  lo  have  been  made  t>n  the  common  anJ  olrvious 
contrivance  of  a  crank»  by  subrtiiutinp  a  double  rack  on 
the  piston-rod,  m^d  the  inconvenience  arising  from  the  jolts 
Ciisioned  by  this  change.  We  have  seen  a  great  forge, 
ere  Uie  en^neer,  in  order  to  avoid  ihe  vame  inconve- 
nience arising  from  the  abrupt  motion  given  to  the  frreat 
slctl^e-hammer  of  seven  hundred  weiglit,  resisting  wilh  a 
five-fold  momentum,  formed  the  wipers  into  »pirala,  which 
communicated  motion  to  the  hammer  almost  without  any 
jolt  tvhatcver  j  but  the  result  wns,  ihnt  the  hammer  rose  no 
hi^^her  than  it  had  been  raised  in  contact  with  the  wiper» 
and  tlieo  fell  on  the  iron  bloom  with  very  little  effect.  Iht 
cause  of  its  inefficiency  was  not  guessed  at ;  but  it  was  re- 
moved, Qud  wipers  of  the  common  form  ^crc  put  in  place 
oFtbe  spirals.  In  this  operation,  the  rapid  motion  of  the 
hammer  is  absolatcly  necessnry.  It  is  not  enough  to  itfi  It 
np;  it  must  be  tosied  up,  so  as  to  fly  higher  thtfn  the  wiper 
lift*  il,  and  to  strike  wilh  great  force  the  strong  oaken 
spring  which  is  placed  in  its  way.  It  compreases  this 
spring,  and  is  reflected  by  it  with  a  considerable  velocity, 
BO  as  to  hit  tlie  iron  as  if  it  had  fallen  from  a  great  height. 
Mftd  it  been  allowed  to  fly  to  that  height,  it  would  have 
fallen  upon  the  iron  with  somewhat  more  force  (because  no 
oaken  spring  is  perfectly  elastic,)  but  this  would  have  re- 
quired more  than  twice  the  tinrc. 

115.  In  employing  a  power  which  of  neccssfty  recipro- 
cates, to  drive  mnchinery  which  requires  a  continiioDs  mo- 
tion,  (as  in  applying  the  steam-engine  to  a  cotton  or  a  grist- 
mill.) there  also  t»ccur  great  difficulties.  The  necessity  of 
reciprocation  iti  the  first  ntovcr  wastes  much  power}  be- 
cause the  histrument  which  commnnicate«  such  an  enor^ 
mous  force  mutjt  be  extremely  strong,  and  be  well  support- 
ed. IIjc  impelling  power  is  wasted  in  imparting,  and  af^ 
forwards  detroying,  a  vast  cpiantity  of  motion  in  the  work- 
ing lieom.  The  skilftd  engineer  will  attend  to  this,  and 
do  hi<  utmost  to  procure  the  necessary  strength  of  this 
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first  mover,  without  making  it  a  vast  load  of  inert  maUer. 
He  will  also  remark,  that  all  the  strains  on  it^  and  oo  lU 
supports,  arc  changing  their  directions  in  every  stroke 
This  requires  particular  attention  to  the  manner  of  sup- 
porting iL  If  we  observe  the  steani-engines  which  bavv 
been  long  erected^  we  see  that  they  have  uniformly  thakea 
the  building  to  pieces.  This  has  been  owing  to  the  igo^ 
ranee  or  inattention  of  the  engineer  in  this  particular* 
They  are  much  more  judiciously  erected  now,  expenence 
having  taught  Uie  mo&t  ignorant  that  no  building  can  with* 
stand  tlieir  desultory  and  opposite  jolts,  and  that  the  great 
movements  must  be  supported  by  a  frame-work  independ- 
ent of  the  building  of  masonry  which  contains  iu* 

The  engineer  will  also  remark,  that  when  a  single-stroke 
steaui-eugiuc  is  made  to  turn  a  mill,  all  the  comroonica- 
tions  of  motion  change  the  direction  of  their  presstm?  twic« 
every  stroke^  During  the  working-stroke  of  the  beam,  oac 
side  of  the  tcetli  of  the  intervening  wheels  is  preasing  the 
machinery  forward  ;  but  during  the  returning  strokes  the 
machinery,  already  in  motion,  is  drag|^ng  the  beam,  and 
the  wheels  are  acting  with  the  other  side  of  the  tectli.  This 
occasions  a  rattling  at  every  change,  and  makes  it  proper 
to  fashion  both  sides  of  the  teeth  with  the  same  care« 

It  will  frequently  conduce  to  the  good  performance  of  an 
engine,  to  make  the  action  of  the  resisting  work  unequable, 
accommodated  to  the  inequalities  of  the  impelling  power. 
This  will  produce  a  more  uniform  motion  in  machinea  ifl 


*  TKc  gudgeons  of  a  woter-wheel  should  nfrer  tt%t  oit  ilie  wall  cf  tfce 
building.  Ic  slukei  it ;  and  if  set  up  soon  after  the  building  Uas  been  <ft€^ 
ed(  it  prercnta  the  mortar  from  taking  finn  bond  ,  pcrbapi  hy  >h«n#ring  iL* 
calcarroai  crjitah  u  tbey  form.  When  the  (engineer  is  obliged  to  T<it  dx 
gudgeons  in  this  wuy,  tbtj  should  he  anpporled  by  «  block  of  oak  laid  a  lit- 
tle ttuUow.  This  *oftetia  mil  irccoofft.  like  the  springs  of  •  wheel  camifC- 
Tbia  practice  would  bi  very  aerviceable  in  many  other  parts  uf  tbo  caaitnt- 
tioo* 
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which  the  momentum  of  inertia  is  inconsiderable.  There 
are  some  beautiful  specimens  of  this  kind  of  adjustment  In 
ihe  mechanism  of  animal  bodies. 

1 16.  It  IB  very  customary  to  add  what  is  called  a  Fly  to 
machines.  This  is  a  heavy  disk  or  hoop)  or  other  mass  of 
matter,  balanced  on  its  axist  and  so  connected  with  the  ma- 
chinery as  to  turn  briskly  round  with  it.  This  may  be 
done  with  the  view  of  rendering  the  motion  of  the  whole 
more  regular,  notwithstanding  unavoidable  inequalities  of 
the  accelerating  forces,  or  of  the  resistances  occasioned  by 
the  work.  It  becomes  a  REOULAXon.  Suppose  the  resist- 
oiice  extremely  unequal,  and  the  impelling  power  perfectly 
constant ;  as  when  a  bucket  wheel  is  employed  to  work  one 
piunp«  When  tlic  piston  has  ended  its  working-stroke^ 
and  while  it  is  going  down  the  barrel,  the  power  of  the 
wheel  being  scarcely  opposed,  it  accelerates  the  whole  ma- 
chine, and  the  piston  arrives  at  the  bottom  of  the  barrel 
with  a  considerable  velocity.  But  in  the  rising  again,  the 
wheel  is  opposed  by  the  column  of  water  now  pressing  on 
ir  pi&ton.  Tiiis  immediately  retards  the  wheel ;  and  when 
piston  has  reached  the  top  of  the  barrel,  nil  the  accele- 
loQ  is  undone,  and  is  to  begin  again.  The  motion  of 
ft  machine  is  v^ry  liobbling ;  but  the  surplus  of  ac- 
:ing  force  at  the  beginning  of  a  relurning-stroke  will 
not  make  sucli  a  change  in  the  motion  of  the  machine  if  we 
connect  the  fly  with  it.  For  the  accelerating  momentum  Is 
a  determinate  quantity.  Therefore,  if  the  radius  of  the  fly 
be  great,  this  momentum  will  be  attained  by  communica- 
ting A  small  angular  motion  to  the  machine.  The  mo- 
jDcntum  of  the  fly  is  as  the  square  of  its  radius ;  therefore 
it  resbts  acceleration  in  this  proportion ;  and  although  the 
overplus  of  power  generates  the  same  momentum  of  rota- 
tion in  the  whole  machine  as  before,  it  makes  but  a  small 
addition  to  its  velocity.  If  the  diameter  of  the  fly  be  dou- 
bled, the  augmentation  of  rotation  will  be  reduceil  to  one- 
Ivurtb.     Thusy  by  giving  a  rapid  motion  to  a  small  quan- 
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tity  of  matter,  tlie  f^teai  acceleration  during  the  returnibg' 
&troke  of  the  ])iston  h  prevented.  This  acceler&tioa  con- 
tinues, however,  (hiring  the  whole  of  the  retiirning-&trokc^ 
and  at  tiie  end  of  it  the  machine  has  acquired  its  greatest 
velocity.  Now  ibc  working-stroke  begins,  und  ilie  overpliu 
of  power  ift  at  an  cud.  The  machine  accelerates  no  more; 
but  if  the  power  iti  just  in  cquilibrio  with  the  resivlaijce^, 
keeps  the  velocity  which  it  ha&  ac(|uircd,  and  is  etiJl  nil 
accelerated  during  the  ntxt  retuming-vtroke.  But  now»^ 
the  beginning  of  the  subsequent  workintr-siroke,  there] 
an  ovcrphia  o^  resi&lance,  und  a  retardation  begins, 
Gontinaes  (hiring  the  whole  rise  of  tlic  piston  ;  but  it  is  id* 
considerable  in  comparison  of  what  it  would  have 
without  Uic  fly;  fur  the  (ly,  rclAiniiig  iL&  acquirtnl  trioroi 
tuin,  4rag&  forward  the  rest  of  the  machine,  aiding  l}»e  im- 
pelling j»wer  of  the  wheel.  It  does  this  by  all  the  commit* 
nicatious  taking  into  each  other  in  the  opposite  directioo. 
The  teeth  of  the  intervening  wheels  are  heard  to  dr<^ 
from  their  former  contact  on  one  side,  to  a  conlact  on  the 
otlier.  By  considering  this  process  with  attentioni  we  csiilf 
perceive  that,  in  a  few  strokes,  the  overplus  of  power  du- 
ring the  rcturning-stroke  comes  to  be  so  adjusted  to  iha 
deficiency  during  the  working-stroke,  that  the  accclerationt 
and  retardations  exactly  destroy  each  other,  and  ever)'  suc- 
ceeding stroke  is  made  with  the  same  velocity,  and  an  a|tml 
number  of  strokes  is  made  in  every  suceeeding  minute. 
Thus  the  machine  acquires  a  general  unilormiiy  with  pt- 
riodicai  inequalities.  Jt  is  plain,  tliat  by  sufiicicntly  en- 
larging cither  the  diameter  or  the  wei^^ht  of  the  fly,  tlir 
irregularity  of  the  motion  may^bc  rendered  as  ^niail  as  wu 
please.  It  is  much  better  to  enlarge  the  diameter.  This 
preserves  the  friction  more  moderate,  and  the  pivot  ^r  - 
less.  For  these  reasons,  a  fly  is  in  general  a  con*i(i- 
improvement  i^  machinery,  by  equalizing  many  excrtww 
that  are  naturally  very  irregular.  Thiia,  a  man  working  fl^ 
a  common  windlass,  vxerts  a  very  irregular  pressure  on  tlm 
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wfncJi.  In  one  ofhis  positions  in  each  inm  he  can  exert  a 
force  of  near  70  pounds  without  fatigue,  but  in  another  he 
cannot  exert  above  25  ;  nor  must  he  be  loaded  witli  much 
above  this  in  general.  But  if  a  large  fly  be  connected  pro- 
perly with  the  windlass,  he  will  act  with  c<]ua]  ease  and 
■peed  against  SO  pounds. 

1 17-  This  regulating  power  of  the  fly  is  without  bounds^ 
and  may  be  used  to  render  uniform  a  motion  produced  by 
the  most  deMiltory  and  irregular  power.  It  is  thus  that  the 
EDOst  regular  motion  is  given  to  mills  that  are  driven  by 
a  single-stroke  steam-engine,  where  for  two  or  even  three 
seconds  there  is  no  force  jwcssing  round  the  mill.  The 
communication  is  made  through  a  massive  fly  of  very  great 
diameterj  whirling  with  great  rapidity.  As  soon  as  the  im- 
paUe  ceases,  the  fly,  continuing  its  motion,  urges  round 
the  whole  machinery  with  almost  unabated  speed.  At  this 
instant  all  the  teeth^  and  all  the  joints,  between  the  fly 
And  the  first  mover,  are  heard  to  catch  in  the  oppoiite  di* 
rection. 

If  any  permanent  change  should  happen  in  the  impelling 
power,  or  in  the  resistance,  the  fly  makes  no  obstacle  to  its 
producing  its  full  effect  on  the  machine ;  and  it  will  be  ob- 
served to  accelerate  or  retard  uniformly,  till  n  new  general 
ipeed  is  acquired  exactly  corresponding  with  tliis  new  power 
ami  resistance. 

Manv  machines  include  in  their  construction  movements 

m 

which  are  equivalent  with  this  intentional  regulator.  A 
flour-mill,  for  example,  cannot  l>e  better  rcgulateil  than  by 
its  roilUtone;  but,  in  the  Albion  mills,  a  heavy  Oy  was 
added  with  great  propriety  ;  for  if  the  mills  had  been  re- 
golated  by  their  millstones  only,  then  at  every  change  of 
stroke  in  the  steam-engine,  the  whole  train  of  communica- 
tions Uelwcen  the  l»eam,  which  is  the  first  mover,  and  the 
Regulating  millstone,  which  is  the  very  last  mover,  would 
take  in  the  opposite  direction.  Although  each  drop  in  the 
teeth  and  joints  be  but  a  trifle,  the  whole^  added  together. 
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would  make  a  considerable  jolt,    TLis  is  avoided  bj  % 
gulator  immediately  adjoiniDg  to  ibe  beftin.     This  coDCi- 
DualJy  presses  the  working-machinery  ia  one  direcdon.  So 
judiciously  were  the  movements  of  that  noble  machine 
trived,  and  so  nicely  were  they  executed,  UiaC  noi 
least  noise  was  heard,  nor  the  slightest  tremor  feJc  in  the 
building. 

Mr  Valouc's  beautiful  pile-engine,  employed  at  WcM* 
minster  Bridge,  is  another  remarkable  instance  of  the  r^ 
gulating  powers  of  a  fly.  When  the  ram  is  dropped,  wai 
its  follower  disengaged  iramediately  aflcr  it,  the  hones 
would  instantly  tumble  down,  because  the  load,  against 
which  they  had  been  straining  hard,  is  at  once  taken  tf; 
but  the  gin  is  connected  with  a  very  large  fly,  which  cfai^^ 
any  remarkable  acceleration,  allowing  the  horses  to  leaa^^f 
it  during  the  descent  of  the  load ;  after  which  their  draugtit 
recommences  immediately.  The  spindles,  cards,  and  bob- 
bins, of  a  cotton-mill,  are  also  a  sort  of  flies.  Indeed  all 
biUky  machines  of  the  rotative  kind  tend  to  preserve  their 
motion  with  some  degree  of  steadiness,  and  their  great  mo* 
mentiun  of  inertia  is  as  useful  in  this  respect  as  it »  pre- 
judicial to  the  acceleration  or  any  reciprocation  when 
wanted. 

118.  There  is  another  kind  of  regulating-fly,  coDOrtiDg 
of  wings  whirled  briskly  roimd  till  the  resistance  of  the  air 
prevents  any  great  acceleration.     This  is  a  very  bad  one 

>r  a  working  machine^  for  it  produces  its  efiect  by  ftaf^ 
\iug  a  part  of  the  moving  power.  Frequently  it  employs 

very  great  and  unknown  part  of  it,  and  robs  tlie  propiie- 
tor  of  much  work*  It  should  never  be  introduced  into  any 
machine  employed  in  manufactures. 

119.  8ome  rare  cases  occur  where  a  very  dlfleient  regQ* 
later  is  required ;  where  a  certain  determined  velocity  i» 
found  necessary.  In  this  case  the  machine  is  furnished, 
at  its  extreme  mover,  with  a  conical  pendulum,  consisting 
of  two  heavy  balls  hanging  by  rods)  which  move  ia  very 
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Dice  and  steady  joints  at  the  top  of  a  vertical  axis.  It  is 
well  known,  that  when  this  axis  turns  round,  with  an  an- 
gular velocity  suited  to  the  length  of  those  pendulums,  the 
tame  of  a  revolution  Is  determined.  Thus,  if  Uie  length  of 
each  pendulum  he  39}  inches,  the  axis  will  make  a  revolu- 
tion in  two  seconds  very  nearly.  If  we  attempt  to  force  it 
more  swiRIy  round,  the  balls  will  recede  a  litde  from  the 
M^Sf  but  it  employs  as  long  time  for  a  revolution  as  before; 
and  we  cannot  make  it  turn  swifter,  unless  the  impelling 
power  be  increased  beyond  all  probability  ;  in  which  case 
tike  peudulum  will  fly  out  irom  the  centre  till  the  rods  arc 
horizontal,  af^er  which  every  increase  of  power  will  accele- 
rate the  machine  very  sensibly.  Watt  and  Boulton  have 
Cepplicd  this  contrivance  with  great  ingenuity  to  their  steam- 
^gines,  when  they  are  employed  for  driving  machinery  for 
tnanufactures  which  have  a  very  changeable  resistance,  and 
where  a  certain  speed  cannot  be  much  departed  from  witli* 
out  great  inconvenience.  They  have  connected  this  recess 
of  the  balls  from  the  axis  (which  gives  immediate  indica- 
tion of  an  increase  of  power  or  a  diminution  of  resistance) 
with  the  cock  which  admits  the  steam  to  the  workin|^ 
cylinder.  The  balls  flying  out,  cause  the  cock  to  close  n 
little,  and  diminish  the  supply  of  steam.  The  impelling 
power  diminishes  the  next  moment,  and  the  balls  again 
approach  the  axis,  and  the  rotation  goes  on  as  before,  al- 
though there  may  have  occurred  a  very  great  excess  or  de- 
ficiency of  power.  The  same  contrivance  may  be  employed 
to  raise  or  lower  the  feeding  sluice  of  a  water-mill  employ- 
ed to  drive  machinery. 

ISO.  A  fly  is  sometimes  employed  for  a  different  purpose 
from  that  of  a  regulator  of  motion :  It  is  employed  as  a  col- 
hcior  of  power.  Suppose  all  resistance  removed  from  the 
-working-jioint  of  a  machine  iumished  with  a  very  large  or 
lieavy  fly  immediately  connected  with  the  worl^ing-poiot. 
When  a  small  force  is  applied  to  the  impelled  point  of  this 

chinci  motion  will  be^'u  in  the  machine,  and  the  ^ 
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begin  to  tarn.  Continue  to  press  umformlj,  and  the  iDft- 
ciune  n-ill  accelerate.  This  may  be  continued  till  the  flj 
has  acquired  a  very  rapid  motion.  If  at  this  moment  a  re-. 
sisting  body  be  applied  to  die  working-point,  it  will  be  act- 
ed on  with  very  great  force;  for  the  fly  has  now  aocumuk- 
ted  in  its  circumference  a  very  groat  momentum.  If  a  body 
were  exposed  immediately  to  the  action  of  tliis  circumfi> 
rencc,  ii  would  be  violently  struck.  Much  more  will  it  l>c 
eo  if  the  body  be  exposed  to  the  action  of  the  working-poitilf 
which  perhaps  makes  one  turn  while  the  fly  makes  a  hun^ 
dred.  It  will  exert  a  hundred  times  more  force  there  (vety 
nearly)  than  at  its  own  circumference.  All  the  motioo 
which  has  been  accumulated  on  the  fly  during  the  whole 
progress  of  its  acceleration,  is  exerted  in  an  instant  at  die 
working-pointy  multiplied  by  the  momentum  depending  oo 
the  proportion  of  the  parts  of  the  machine.  It  h  tiius  tlui 
the  coining-press  performs  its  ofRce ;  nay,  it  is  thus  tlmt  the 
blacksmith  forges  a  bar  of  iron.  Swinging  the  great  sledge 
hammer  round  his  head,  and  urging  it  witli  force  tko 
whole  way,  this  accumulated  motion  is  at  once  extinguiib* 
ed  by  impact  on  the  iron.  It  is  thus  vc  drive  a  nail ;  and 
it  is  thus  thati  by  accumulating  a  very  moderate  force  ex* 
erted  during  four  or  five  turns  of  a  t)y,  the  whole  of  it  is 
exerted  on  a  punch  set  on  a  thick  plate  of  iron,  such  as  is 
cmpioyod  lor  the  boilers  of  steam-engines.  The  pkile  i% 
pierced  as  if  it  were  a  bit  of  cheese.  This  accumulating 
power  of  a  fly  has  occneioncd  many  who  think  themselves 
engineers,  to  imngioe  thot  a  fly  really  adds  power  or  me- 
chanicfd  force  to  an  engine ;  and,  not  understanding  ou 
what  its  dHcacy  depcndsi  they  oAcn  place  the  fly  in  a  situ- 
ation where  it  only  added  a  useless  burden  to  the  macbine* 
It  filiould  always  be  made  to  move  with  rupidity.  If  iiitcuil- 
ed  for  a  mere  regulator,  it  should  be  near  the  first  mover. 
If  it  is  intended  to  accumulate  force  in  the  working-point, 
it  should  not  be  fur  separated  from  it.  In  a  certain  eens^') 
a  fly  may  be  said  to  add  power  to  a  machinci  becau6e>  by 


SACUXNERY. 


255 


imulatin^  into  tlie  exertion  of  one  moment  tlie  exortidns 
oi  mniiy,  wc  c«n  sometimes  overcome  on  obstacle  tlmt  wo 
never  could  have  balanced  by  the  same  machine  unaided 
by  Uie  Qy. 

It  is  thiii  accumulutioo  of  force  which  gives  such  an  ap- 
penrancc  of  power  to  some  of  our  first  movers.  When  a 
man  is  unfortu/intely  catchecl  by  the  teeth  of  a  paltry  coun- 
try mill,  he  is  crushed  almost  to  mumnjy.  The  power  of 
tile  stream  is  conceived  to  be  prodigious ;  and  yet  we  are 
certaiuf  upon  examination,  that  it  amounts  to  the  pressure 
of  no  more  than  tifty  or  sixty  pounds.  But  it  has  boon 
acting  for  some  time,  and  there  is  a  millstone  of  n  ton 
weight  whirling  twice  round  in  a  second.  This  is  the  force 
that  cru&hed  the  unfortunate  man,  and  it  required  it  all  to  do 
It,  for  the  mill  stopped.  W^e  saw  a  mill  in  the  neighbour* 
liood  of  Elbingroilu,  in  Hanover,  where  there  was  a  contri- 
Tance  which  disengaged  the  millstone  when  any  thing  got 
entangled  in  the  teeth  of  the  wheels.  It  was  tried  in  our 
sight  with  ft  head  of  cabbage.  It  crushed  it  indeed,  but  not 
violently,  atul  would  by  no  means  have  broken  a  raun's 
arm. 

Til.  It  is  hardly  necessary  to  recommend  simplicity  in 
the  construction  of  machines.  This  seems  now  sufficiently 
understood.  Alukiplicity  of  motions  and  communicattomi 
incrcasea  frictions;  increases  the  unavoidable  losses  by 
bending  and  yielding  in  every  part  \  exposes  to  all  the  im^ 
perfections  of  workmanship ;  and  has  a  great  chance  of 
being  indistinctly  conceived,  and  therei'ore  constructed  with- 
out science.  We  thiuk  the  following  construction  of  a 
ca{>slan,  or  crab,  a  \ery  good  example  of  the  advantages  of 
simplicity.  It  is  the  invention  of  an  untaught,  but  very  in-* 
genious  country  tradesman.f 


A  figure  of  lUu  ca^iton  wai  seco  by  Dr  0.  Orognrjr  anion^  fomc  CliincM 

ings,  iteartj  a  CL*ii(ury  old.   It  appean  to  have  beeu  luveutcd  by  Georg* 

rise  by  Mr  M'Kcau  of  FhiUdelpbii.— Ei 
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122.  EAB  (Gg.  J.)  is  tbe  barrel  of  tho  capsunj 
vcrticaUy  in  a  proper  frame,  as  usual,  and  urged  roimd  by 
bars  fiuch  a&  £F.  The  upper  part  A  of  the  barrel  ii  17 
inches  in  diameter,  and  the  lower  B  13  16.  C  ii  a  atroog 
pulley  16  inches  in  diameter,  having  a  hook  D,  vhicfa  takc» 
hold  of  a  hawser  attached  to  the  load.  The  rope  ACB  k 
wound  round  die  barrel  A,  passes  over  the  pulley  C,  andk 
then  wound  round  the  barrel  B  in  the  oppoaiCe  directioo. 
No  farther  description  is  necessary,  we  think,  to  shew  that, 
by  heaving  by  the  bar  F,  so  as  to  wind  more  of  the  ropr 
upon  A,  and  unwind  it  from  B,  the  pulley  C  tniut  be 
brought  nearer  to  the  capstan  by  about  three  indies  (or 
each  turn  of  the  capstan  ;  and  that  this  simple  mp4tn  ii 
equivalent  to  an  ordinary  capstan  of  the  same  lengtli  of  btr 
£F,  and  diameter  of  barrel  B,  combined  with  a  sixteeo* 
ibid  tackle  of  pulleys;  or,  in  short,  Uiatit  is  16  times  laore 
powerful  than  the  common  capstan,  free  from  the  great  loii 
by  friction  and  bending  of  ropes,  which  would  absorb  a 
third  of  the  power  of  a  sixteen-fold  tackle  ;  and  tliat  where- 
as all  other  engines  become  weaker  as  they  multiply  tbe 
power  to  a  greater  degree,  (unless  they  are  proportionally 
more  bulky)  this  engine  becomes  really  stronger  hi  itKl£ 
Suppose  we  wanted  to  have  it  twice  as  powerful  as  at  pre- 
sent, nothing  is  necessary  but  to  cover  the  part  B  of  tbs 
barrel  with  laths  a  quarter  of  an  inch  thick.  In  short, 
nearer  tlie  two  barrels  are  to  equaUty,  tbe  more  poi 
does  it  become.  We  give  it  to  the  public  as  an 
capstan,  and  as  suggesting  thoughts  which  an  intelli^rent 
gineer  may  employ  with  great  eilect.  By  this  contrivancse^ 
and  using  an  iron  wire  instead  of  a  catgut,  we  converted 
a  common  eight-day  clock  into  one  which  goes  for  two 
mouths. 

We  hr.ve  now  established  the  principles  on  which  ma- 
chines muAt  be  constnictcd,  in  order  that  they  may  produce 
the  greatest  effect  s  but  it  would  be  improper  to  dismiss  the 
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flubject  without  stating  to  our  readers  Mr  Bramah*s  new 
method  of  producing  and  applying  a  more  considerable  de- 
gree of  power  to  all  kinds  of  inuchiucry  requiririE;  motion 
and  fbrcej  than  by  any  means  at  present  practised  for  thftt 
pmpase.  This  method,  for  which,  on  the  3tst  of  Marcb^ 
1796,  he  obtained  a  patent,  consists  in  the  apphcation  of 
water^  or  other  dense  fluids,  to  various  engines,  so  ois  in 
some  instances,  to  cause  them  to  act  with  immense  force ; 
in  others,  to  communicate  the  motion  and  powers  of  one 
part  of  a  machine  to  some  other  part  of  the  same  machine; 
and,  hiaUy,  to  communicate  the  motion  and  force  of  one 
ciachine  to  another,  where  their  local  situations  preclude 
the  application  of  all  other  methods  of  connection. 

The  fur&t  and  most  material  part  of  this  invention  will  be 
clearlj  understood  by  an  inspection  of  fig.  4.,  where  "  Ais 
a  cylioder  of  iron,  or  other  materials,  sufficiendy  strong, 
ami  bored  perfectly  smooth  and  cylindrical ;  into  which  i» 
fitted  the  piston  B,  which  must  be  made  perfectly  water* 
tigbtt  by  leather  or  other  materials,  as  used  in  pump-ma^ 
king.  The  bottom  of  the  cylinder  must  also  be  made  suf- 
ficiently strong  with  the  other  part  of  the  surface,  to  be  ca- 
pable of  resisting  the  greatest  force  or  strain  that  may  at  any 
time  be  required.  In  the  bottom  of  the  cyhnder  is  inserted 
the  end  of  the  tube  C,  tlie  aperture  of  which  communic^tea 
with  the  inside  of  the  cylinder,  under  the  piston  B,  where 
It  is  sliut  with  the  small  vulvc  D,  the  same  as  the  suction* 
pipe  of  a  common  pump.  The  other  end  of  the  tube  C  com* 
muoicates  with  the  small  forcing-pump  or  injector  E,  by 
means  of  which,  water,  or  other  dense  iiuids,  can  be  for- 
ced or  injected  into  tJie  cylinder  A,  under  the  piston  B. 
Now,  suppose  the  diameter  of  the  cylinder  A  to  be  12 
inches,  and  the  diameter  of  the  piston  of  small  pump  or  in- 
jector £  only  one  quarter  of  an  inch,  the  proportion  be- 
inreen  the  two  surfaces  or  ends  of  the  said  pistons  will  be  ai 
1  to  2304  ;  and  supposing  tlie  intermediate  space  between 
iticm  to  beiiUed  with  wnter^  or  other  dense  fluid,  capable  ol' 
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sut^cient  resibtancea  the  force  of  one  piston  wiit  ACt  oft  tiitf 
other  just  in  the  above  proportion^  viz.  w  t  U  to  SSOI. 
Suppose  ihe  amal!  piston  in  the  injrctor  to  be  forced  down 
when  in  the  act  of  pumping  or  injcclmg  water  into  lb»  cr* 
Under  A,  with  the  power  of  CO  cwt«,  whkh  could  e«<Sljr  he 
done  by  the  lever  H  ;  the  piston  B  would  then  be  morifd  np 
with  u  force  equal  to  ^0  cwt.  n)a]upiied  bj  2S(>4.  Thos  ii 
constructed  a  hjdro-mechanica)  engine,  whereby  ■  w«^ 
amounting  to  '^304  tons  can  be  raised  bj  o  s^ple  lercr, 
through  equal  space,  in  much  less  time  than  cookl  be 
done  hy  any  apparaluft  constructed  on  the  known  prmciplei 
of  mechanics ;  and  it  may  be  proper  to  observe,  that  tha 
ctrect  of  all  other  mechanical  corobinationi  is  counteradal 
by  an  accumulated  complication  of  parts,  which  reedcn 
them  incapable  of  being  usefully  extended  beyond  a  certain 
dc^ee;  but  in  machines  acted  upon  or  constrncfcd  oolhii 
principle,  every  difficulty  of  this  kind  is  obTialed,  andtlMfr 
power  subject  to  no  finite  restraint.  To  prove  tbia«  H  wih  be 
only  necessary  to  remark,  that  the  force  of  any  mBcbinti 
acting  upon  this  principle  can  be  increased  ad  imjimtumf 
either  by  extending  the  proportion  between  the  diameter  of 
tlie  injector  and  the  cylinder  A,  or  by  applying  greater 
power  to  the  lever  H, 

"  Fig.  5.  represents  the  aection  of  an  engine,  by  i^hidl 
very  wonderful  effects  may  be  produced  instantaneously  by 
means  of  compressed  air.  A  A  is  a  cylinder,  with  the  pit- 
ton  B  fitting  air-tight,  in  the  same  manner  aa  deacribed  in 
Qg»  4.  C  it  a  globular  vessel  made  of  copper,  iroBy  or 
other  strong  matcriaJSf  capable  of  resisting  immense  Ibrce, 
similar  to  those  of  air-guns.  0  is  a  strong  tube  of  small 
bore^  in  which  is  the  stop-cock  £.  One  of  the  c^uli  oC 
this  tube  communicates  with  the  cylinder  under  the  piiton 
By  and  the  other  with  the  globe  C.  ^k>Wy  6uppoi»e  the  cy- 
linder A  to  be  the  same  diameter  as  that  in  fig.  4.»  and  the 
tube  D  equal  to  one-quarter  of  an  inch  diameter,  which  is 
the  same  as  tlie  injector,  fig,  4. :  xhen,  suppose  that  air 
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bjectecl  into  the  globe  C  (by  the  common  m«thod}  till  it 
preises  against  the  cock  E  with  a  force  equal  to  20  cwt., 
tirbich  can  easily  be  done;  the  Con«eqnence  will  be,  that 
when  the  cock  E  is  opened,  the  piston  B  will  be  moved  in 
the  cylinder  A  A  with  a  power  or  force  eqoal  lo  SSOi  Ions  ; 
And  it  is  obvioust  as  in  the  case  6g.  4.,  tliat  any  odier  unli- 
mited degicc  of  force  may  be  acquired  by  machines  or  en- 
gines tlkus  constructed. 

•'  Fig,  6.  is  a  section  merely  to  show  how  the  power  and 
motion  of  one  machine  may»  by  means  of  fluids,  be  (runs* 
ierred  or  communicated  to  another,  let  their  distance  and 
local  situation  be  what  they  may.  A  and  Bare  two  smalt  cy- 
linders, smooth  ondcylindrical ;  in  the  insideof  each  of  which 
is  a  piston,  made  water  and  air-tight,  as  in  6gs.  4.  and  d.  CC 
is  a  tube  conveyed  under  ground,  or  otherwise,  froih  the 
bottom  of  one  cylinder  to  tlie  other,  to  form  a  communica- 
tion between  them,  notwithstanding  their  distance  be  ever 
ao  great »  this  tube  being  filled  with  water,  or  other  fluid, 
until  it  touch  the  bottom  of  each  piston;  then^  by  depress- 
ing the  piston  A,  die  piston  B  will  be  raised.  The  same  ef- 
fect will  be  produced  vice  versa :  thus  bells  may  be  rung, 
wheels  tamed,  or  other  machinery  put  invisibly  in  motioDy 
by  A  power  being  applied  t&  either. 

**  Fig.  7*  is  a  section,  shewing  another  instance  of  com- 
municating the  action  and  force  of  one  macliine  to  another  i 
and  how  water  may  be  raised  out  of  wells  of  any  depth,  and 
at  any  distance  from  the  place  where  the  operating  power 
is  applied.  A  is  a  cylinder  of  any  required  dimensions,  in 
which  is  the  working-piston  B,  as  in  tlie  foregoing  ex- 
amples; into  tlic  bottom  of  this  cylinder  is  inserted  the 
tube  C,  which  may  be  of  less  bore  than  the  cylinder  A. 
TliiB  tube  is  continued,  in  any  required  direction,  down  to 
the  pump  cylinder  D,  supposed  to  be  fixeit  in  the  deep  well 
EE,  and  forms  a  junction  therewith  above  the  piston  F; 
whidi  piston  has  a  rod  G,  working  through  the  »»tufling« 
tx>Xy  fts  13  usual  in  a  common  pump.    To  this  rod  G  is  con« 
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uectecli  over  a  pulley  or  otherwigcy  a  wei^^t  H  infficinfrt  to 
overbalance  the  weight  of  the  water  in  the  tube  C,  and  to 
raise  the  piston  F  when  the  piston  B  is  lifted :  thm «  np* 
pose  the  piston  Bis  drawn  up  by  its  rod,  there  will  be  avar 
cuum  made  in  the  pump  cylinder  D,  below  the  piston  F; 
this  vacmmi  will  be  filled  with  water  through  the  loctUBi- 
plpe^  by  the  pressure  of  the  atmosphere,  as  in  all  pomps  Ssr 
ed  in  air.  The  return  of  the  piston  B,  by  bong  pifsd^ 
downwards  in  the  cylinder  A»  will  make  a  stroke  of  the  pis- 
ton in  the  pump  cylinder  D,  whidi  may  be  rqieated  in  the 
usual  way  by  the  motion  of  the  piston  Bi  and  the  action  of 
the  water  in  the  tube  C.  The  rod  G  of  the  piston  F»  and 
the  weight  H,  are  not  necessary  in  weUs  of  a  depth  iriMKe 
the  atmosphere  will  overbalance  the  water  in  the  soction  of 
the  pump  cylinder  D,  and  that  in  the  tube  C.  The  imaR 
tube  and  cock  in  the  cistern  I|  are  for  the  purpose  of  diai^ 
ffng  the  tube  C.''* 


*  A  fall  acconnt  of  Bran»h*s  fajdrostatlc  craoe*  with  comet  dniringli  te> 
Iflii  from  Mr  Bramah'a  own  machine,  will  be  found  m  Uie  Eduibai|(b  feyy- 
clopttdift.  Article  Ckakb.— £d. 


»v.jrv. 
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RESISTANCE  OF  FLUIDS. 


]  the  resistances  of  bodies  to  each  other,  there  is  un- 
edlj  none  of  greater  importance  than  the  renstance  or 
ioD  of  fluids.  It  is  here  that  we  must  look  for  a  theory 
mi  architecture,  for  the  impulse  of  the  ur  is  our  mov- 
ower,  and  this  must  be  modified  so  as  to  produce 
motion  we  want  by  the  form  and  disposition  of  our 

and  it  is  the  resistance  of  the  water  which  must  be 
imey  that  the  ship  may  proceed  in  her  course ;  and 
lust  also  be  modified  to  our  purpose,  that  the  ship 
lot  drive  like  a  log  to  leeward,  but,  on  the  contrary, 
Ij  to  windward,  that  slic  may  answer  her  helm  briskly, 
lat  she  may  be  easy  in  all  her  motions  on  the  surface 

troubled  ocean.  The  impulse  of  wind  and  water 
\  ihem  ready  and  indefatigable  servants  in  a  thousand 
i  for  driving  our  machines ;  and  wc  should  lose  much 
ir  service  did  wc  remiun  ignorant  of  tlie  laws  of  their 

:  they  would  sometimes  become  terrible  masters,  if 
1  not  fall  upon  methods  of  eluding  or  soilcning  their 

8. 

i  cannot  refuse  the  ancients  a  considerable  knowledge 
i  subject.  It  was  equally  interesting  to  them  as  to  us; 
e  cannot  read  the  accounts  of  the -naval  exertions  of 
icia,  Carthage,  and  of  Rome,  exertions  which  have 
■en  surpassed  by  any  tiling  of  modern  date,  without 
..  ir.  s 
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bcticvin;;  that  Uiey  possc&sed  much  practical  and  experi- 
mental knowledge  of  this  subject.  It  was  not,  perhapA, 
possessed  by  them  in  a  striut  and  systematic  form,  as  it  is 
now  taught  by  our  matliematicions;  but  the  masler-buUdcrs, 
in  their  dock-yards,  did  undoubtedly  exercise  their  genius 
in  comparing  the  forms  of  their  finest  ships,  and  in  marking 
those  circumstances  of  form  and  dimension  which  were  in 
foci  accompanied  with  the  desirable  properties  of  a  ship, 
and  tlius  framing  to  themselves  maxims  of  naval  architec- 
ture in  tlie  same  manner  as  we  do  now.  For  we  believe 
that  our  naval  architects  arc  not  disposed  to  grant  tluil  they 
have  profited  much  by  all  the  labours  of  the  mathematidaos. 
But  the  ancients  had  not  made  any  great  progress  in  the 
physicomathcmalical  sciences,  which  consist  chiefly  in  the 
application  of  calculus  to  the  phenomena  of  nature.  In 
this  branch  they  could  make  none,  because  they  had  not 
the  means  of  investigation.  A  knowledge  of  the  motions 
and  actions  of  fluids  is  accessible  only  to  those  who  Ktc 
familiarly  acquainted  with  the  fluxionary  mathematics; 
and  without  this  key  there  is  no  admittance.  Even  wheti 
possessed  of  this  guidcj  our  progress  has  been  very  slow, 
hesitating,  and  devious ;  and  we  have  not  yet  been  able  to 
establish  any  set  of  doctrines  which  are  susceptible  of  an 
easy  and  confident  application  to  the  arts  of  life.  If  we 
have  advanced  farther  than  the  ancients^  it  is  because  we 
have  come  after  them,  and  have  profited  by  tlieir  Jnlwurs, 
and  even  by  their  mistakes. 

Sir  Isaac  Newton  was  the  first  (as  faros  we  can  rcc(»licci) 
wlu)  attempted  to  make  the  motions  and  actions  of  Huids 
the  subject  of  mathematical  discussion.  He  had  invented 
the  method  of  fluxions  long  before  he  engaged  in  his  pby- 
Hcal  researches ;  nnd  he  proceeded  in  these  suA  matheii 
Jacem  prcrfercnU.  Yet  even  with  this  guide  he  waa  often 
obliged  to  grope  his  way,  and  to  try  various  bye-paths,  in 
the  hopes  of  obtmning  a  legitimate  theory.  Having  exerted 
alt  his  powers  in  establishing  a  theory  of  the  lunur  motional 
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ohiigrd  to  rest  contented  with  an  njjproximntion  in- 
stead uf  a  perfect  siilutiun  uf  the  pi'ubleui  wliich  a&ccrtaiiis 
the  motions  of  ihtve  bodies  mutually  actin^^  on  each  utiicr. 
This  convinced  him  that  it  was  in  vain  to  expect  an  accu- 
rate investi|falion  of  the  motions  and  actions  of  Huids,  where 
rnilUons  of  unseen  particles  combine  their  influence.  lie 
therefore  cast  about  to  find  some  particular  case  of  the  pro- 
blem which  would  admit  of  an  accurate  determination,  and 
at  the  Aame  time  fumisti  circumstances  of  analogy  or  re- 
semblance sufficiently  numerous  for  giving  limiting  cases, 
which  should  include  l>ctween  them  those  other  cases  that 
did  not  admit  of  this  accurate  investigation.  And  thus, 
by  knowing  the  limit  to  which  tlie  case  proposed  did  ap- 
proximate, and  the  circumstance  which  regulated  the  up- 
proximatiou,  many  useful  pr(»posttions  might  be  deduced 
for  directing  us  in  the  application  of  these  doctrines  to  tlie 
arts  of  life. 

He  therefore  figured  to  himself  a  hypothetical  collection 
of  matter  which   possessed   the  characteristic  property  of 
fluidity,    viz.   the   guaqttavcrsus  propagation  of  pressure, 
and  the  most  perfect  intermobility  (pardon  the  uncouth 
ttrm)  of  parts,  and  which  formed  a  physical  whole  or  ag- 
te,  whose  parts  were  connected  by  mechanical  forces, 
ermincd  both  in  degree  and  in  direction,  and  such  as 
rendered  the  determination   of  certain   important  circum- 
stances of  their  motion  susceplible  of  preci.se  investigation. 
And  he  concluded,  that  the  laws  which  he  should  discover 
in  these  motions  must  have  a  great  analogy  with  the  Jaws 
ftf  the  motions  of  real  fluids  :  And  from  this  hypothesis  he 
Muceii  a  series  of  propositions,   which   form  the  basis  of 
«lrof»i  all  the  theories  of  the  impulse  and  resistance  of  fluids 
which  have  been  offered  to  the  public  since  his  time. 

It  must  be  acknowledged,  that  the  results  of  this  theory 

^grte  Irtit  ill  with  experiment,  and  that,  in  tlie  xcay  in  nhirh 

^  A<w  1^1  :u'al(tftjfh/  proJicrnU'd  bj/  sttbsrqiinU  mtithtfnati- 

'^^■*  it  [iroceeds  on  prineipleB  or  as^-umpiions  which  are 
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not  only  gratuitous,  but  even  false.     But  it  affords  such  « 
beautiful  apptication  of  geometry  and  calculus,  that  moth^ 
maticians  have  been  as  it  were  fascinated  by  it,  and  have 
published  systems  so  elegant  and  so  extensively  applicaUe, 
that  one  cannot  help  lamenting  that  the  foundation  is  so 
flimsy.    John  Bernoulli's  theory,  in  his  dissertation  oa  the 
communication  of  motion,  and  Bouguer''s,  in  his  TrmU  db 
Nav%r€i  and  in  his  Theorie  du  Mancsuvre  etde  la  MSitm 
des  VaiaseauXf  must  ever  be  con^dered  as  among  the  finest 
specimens  of  phymoomathematical  science  which  the  worid 
has  seen.     And,  with  all  its  imperfections,  this  theoty  still 
fiunishes  (as  was  expected  by  its  illustrious  author)  many 
proponticHis  of  immense  practical  use,  they  bdng  the  limits 
to  which  the  real  phenomena  of  the  impulse  and  reaistanoe 
of  fluids  really  approximate.     So  that  when  the  law  by 
which  the  phenomena  deviate  from  the  theory  is  once  de- 
termined by  a  well-chosen  series  of  experiments,  this  hypo- 
thetical theory  becomes  almost  as  valuable  as  a  true  one. 
And  we  may  add,  that  although  Mr  d^Alembert,  by  tresd* 
ing  warily  in  the  steps  of  Sir  Isaac  Newton  in  another  route, 
has  discovered  a  genuine  and  unexceptionable  theory,  the 
process  of  investigation  is  so  intricate,  requiring  every  flnesae 
of  the  most  abstruse  analysis,  and  the  final  equations  are  so 
complicated,  that  even  their  most  expert  author  has  not 
been   able  to  deduce  more  than  one  simple  propoatioD 
(which  too  was  discovered  by  Daniel  Bernoulli  by  a  more 
simple  process)   which  can  be  applied  to  any  use.     The 
hypothetical  theory  of  Newton,  therefore,  omtinues  to  be 
the  ground-work  of  all  our  practical  knowledge  of  the  sub* 
ject 

We  shall  therefore  lay  before  our  readers  a  very  short 
view  of  the  theory,  and  the  manner  of  applying  iL  We 
shall  then  show  its  defects  (all  of  which  were  pointed  out 
by  its  great  author),  and  give  a  historical  account  of  the 
many  attempts  which  have  been  made  to  amend  it  or  to 
substitute  another :    in  all  which  wc  think  it  our  duty  to 
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ahoWy  that  Sir  Isaac  Newton  took  the  lead,  and  pointed  out 
every  path  which  others  have  taken,  if  we  except  Daniel 
Bernoulli  and  d'Alembert ;  and  we  shall  give  an  account  of 
the  chief  sets  of  experiments  whidi  have  been  made  on  this 
important  subject,  in  the  hopes  of  establishing  an  empirical 
theorj>  which  may  be  employed  with  confidence  in  the  arts 
oflife. 

We  know  by  experience  that  force  must  be  applied  to  a 
body  in  order  that  it  may  move  through  a  fluid,  Euch  as 
air  or  water;  and  that  a  body  projected  witli  any  velocity 
is  gmdually  retarded  in  its  motion^  and  generally  brought 
to  rest.  The  analogy  of  nature  makes  us  imagine  that 
there  is  a  force  acting  in  the  op|x)site  direction,  or  opposing 
the  motion,  and  that  this  force  resides  in,  or  is  exerted  by, 
the  fluid.  And  the  phenomena  resemble  those  which  ac- 
company the  known  resistance  of  active  beings,  such  as  ani- 
mals. Therefore  we  give  to  this  supposed  force  ihc  mcto- 
pbcmd  wune  of  Resistance.  We  also  know  that  a  fluid 
m  notion  will  hurry  a  solid  body  along  with  the  stream, 
and  that  it  requires  force  to  maintain  it  in  its  place.  A 
wnilar  analogy  makes  us  suppose  that  the  fluid  exerts  force, 
in  the  same  manner  as  when  an  active  being  impels  the  body 
before  him  ;  therefore  we  call  this  the  Jmpuhton  of  a  Fluid. 
And  as  our  knowledge  of  nature  informs  us  that  the  mutual 
actlOQs  of  bodies  are  in  every  case  equal  and  opposite,  and 
thai  the  observed  change  of  motion  is  the  only  indication, 
diaractemtic,  and  measure,  of  the  changing  force,  the 
lbrcc»  ore  the  same  (wliether  we  call  them  impulsions  or  re- 
flutflsxres)  when  the  relative  motions  are  the  same,  and  there- 
fore depend  entirely  on  these  relative  motions.  The  force, 
therefore,  which  is  necessary  for  J&eeping  a  body  immove* 
ablc  in  a  stream  of  water,  flowing  witli  a  ccrtmn  velocity,  b 
the  laiDc  with  what  is  required  for  moving  this  body  with 
ihta  Ttfloctty  through  st^ignant  water.  To  any  one  who  ad- 
mils  the  motion  of  the  earth  round  the  sun,  it  is  evident  lliat 
we  can  ocUbcr  obecrrc  nor  reason  from  a  case  of  a  body 
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moving  through  still  water,  nor  of  a  stream  of  water  preM* 
ing  upon  or  impelling  a  quiescent  body. 

A  body  in  motion  appears  to  be  resisted  by  a  stagnant 
fluid,  because  it  is  a  law  of  mechanical  nature  that  ioree 
must  be  employed  in  order  to  put  any  body  in  motion. 
Now  the  body  cannot  move  forward  without  putting  the 
contiguous  fluid  in  motion,  and  force  must  be  employed  for 
producing  this  motion.  In  like  manner,  a  quiescent  body 
is  impelled  by  a  stream  of  fluid,  because  the  modon  of  the 
contiguous  fluid  is  diminished  by  this  solid  obstacle ;  the 
resistance,  therefore,  or  impulse,  no  way  differs  £rom  the 
ordinary  communications  of  motion  among  solid  bodies. 

Sir  Isaac  Newton,  therefore,  begins  his  theory  of  the  re- 
sistance and  impulse  of  fluids,  by  selecting  a  case  wheie, 
although  be  cannot  pretend  to  ascertmn  the  motions  then»- 
selves  which  are  produced  in  the  particles  of  a  contiguous 
fluid,  he  can  tell  precisely  their  mutual  ratios. 

He  supposes  two  systems  of  bodies  such,  that  each  body 
of  the  first  is  similar  to  a  corresponding  body  of  the  second, 
and  that  each  is  to  each  in  a  constant  ratio.  He  also  sup- 
poses them  to  be  similarly^  situated,  that  is,  at  the  angks 
of  similar  figures,  and  that  the  homologous  lines  of  these 
figures  arc  in  the  same  ratio  with  the  diameters  of  the  bodies. 
He  farther  supposes,  that  they  attract  or  repel  each  other 
in  similar  directions,  and  that  the  accelerating  connecting 
forces  are  also  proportional ;  that  is,  the  forces  in  the  one 
system  are  to  the  corresponding  forces  in  the  other  system 
in  a  constant  ratio,  and  that,  in  each  system  taken  apart, 
the  forces  are  as  the  squares  of  the  velocities  directly,  and 
as  the  diameters  of  the  corresponding  bodies,  or  their  dis- 
tances, inversely. 

This  being  the  case,  it  legitimately  follows,  that  if  onu- 
lar  parts  of  the  two  systems  are  put  into  similar  motions,  in 
any  given  instant,  they  will  continue  to  move  similarly,  each 
corriespondent  body  describing  similar  curves,  with  propor- 
tional velocities :     For  the  bodies  being  similarly  situated. 
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forces  which  act  on  a  body  in  one  system,  arising  from 
combination  of  any  number  of  adjoining  particles,  will 
ve  ihe  same  direction  with  the  force  acting  on  the  corre- 
Bponding  body  in  the  other  system,  arising  from  the  com- 
bined action  of  the  Bimilor  and  similarly  directed  forces  of 
the  adjoining  corresponding  bodies  of  tlie  other  system  ; 
and  these  compound  forces  will  have  the  same  ratio  with  the 
umple  forces  which  constitute  tliem,  and  will  be  as  the 
squares  of  the  velocities  directly,  and  as  the  distances,  or 
any  homologous  Unes  inversely ;  and  therefore  the  chords 
curvature,  having  the  direction  of  tlie  centripetal  or  ccn- 
fugal  forces,  and  similarly  inclined  to  the  tangents  of  the 
curves  described  by  the  corresponding  bodies,  will  have  the 
Mune  ratio  with  the  distances  of  the  particles.  The  curves 
described  by  the  corresponding  bodies  will  therefore  be  si- 
nular,  die  velocities  will  be  proportional,  and  the  bodies  will 
be  similarly  situated  at  the  end  of  tlie  first  moment,  and 
posed  to  the  action  of  similar  and  similarly  situated  cen- 
petid  or  centrifugal  forces;  and  this  will  again  produce 
lar  motions  during  the  next  moment,  and  so  on  for  ever. 
All  this  is  evident  to  any  person  acquainted  with  the  ele- 
racntar)'  doctrines  of  curvilineal  motions,  as  delivered  in  the 
tiieory  of  physical  astronomy. 

From  this  fundamental  proposition,  it  clearly  follows, 
that  if  two  similar  bodies,  having  their  homologous  lines 
proporUonal  to  those  of  the  two  systems,  be  similarly  pro- 
jected among  the  bodies  of  those  two  systems  witli  any  ve- 
locities, they  will  produce  similar  motions  in  the  two  systems, 
and  will  themselves  continue  to  move  similarly ;  and  there- 
fore will,  in  every  subsequent  moment,  suffer  similar  dimi- 
nutions or  retardations.  If  the  initial  velocities  of  projec- 
tion be  tile  same,  but  the  densities  of  the  two  systems,  that 
is,  the  quantities  of  matter  contained  in  an  equal  bulk  or 
extent,  l>c  diilVrent,  it  is  evident  that  the  quantities  4>f  mo- 
tion produced  in  the  two  systems  in  the  same  time  will  lie 
proportioiud    to  the  densities  ;  and  if  ihc  densities  arc  the 
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same,  and  uniform  in  each  system,  the  quantitieB  of  motioo 
produced  will  be  as  the  squares  of  the  velocitiei,  becuue 
the  motion  communicated  to  each  corresponding  body  will 
be  propordonal  to  the  velocity  communicated,  that  iiy 
to  the  velocity  of  the  impelling  body;  and  the  number 
of  cumilarly  situated  particles  which  will  be  agitated 
will  also  be  proportional  to  this  velodty.  Tho^ofC^ 
the  whole  quantities  of  motion  produced  in  the  same  mo* 
ment  of  time  will  be  proportional  to  the  squares  of  the  T^ 
lodties.  And,  lastly,  if  the  den^ties  of  the  two  syatems  an 
uniform,  or  the  same  through  the  whole  extent  of  the  tyu 
terns,  the  number  of  particles  impelled  by  similar  bodKes 
will  be  as  the  surfaces  of  these  bodies. 

Now  the  diminutions  of  the  motions  of  the  projected 
bodies  are  (by  Newton^s  third  law  of  motion)  equal  to  the 
motions  produced  in  the  systems ;  and  these  diminutkNU 
are  the  measures  of  what  are  called  the  reaistances  oppoaed 
to  the  motions  of  the  projected  bodies.  Therefore,  oimhifr 
ing  all  these  circumstances,  the  re^stances  are  proportiaiii] 
to  the  similar  surfaces  of  the  moving  bodies,  to  the  dennties 
of  the  systems  through  which  the  motions  are  performed, 
and  to  the  squares  of  the  velocities,  jointly. 

We  cannot  form  to  ourselves  any  distinct  notion  oft 
fliud,  otherwise  than  as  a  system  of  small  bodies,  or  a  a^ 
lection  of  particles,  similarly  or  symmetrically  arranged,  the 
centres  of  each  being  utuated  in  the  angles  of  regular 
solids.  We  must  form  this  notion  of  it,  whether  we  sup 
pose,  with  the  vulgar,  that  the  particles  are  little  globules 
in  mutual  contact,  or,  with  the  partisans  of  corpuscular  at> 
tractions  and  repulsions,  wc  suppose  the  particles  kept  at  a 
distance  from  each  other  by  means  of  these  attracticxis  and 
repulsions  mutually  balancing  each  other.  In  this  last  caa^ 
no  other  arrangement  is  consistent  with  a  quiescent  equili- 
bnum ;  and  in  this  case,  it  is  evident,  from  the  theory  of 
ctirvi  lineal  motions,  that  the  agitations  of  the  partidea  will 
always  be  such,  that  the  connecting  forces,  in  actual  exer- 
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tioo,  vrUl  be  proporlional  tu  the  squares  of  llic  velocilies 
directly,  and  to  tiie  chords  of  the  curvature  having  ihc  di- 
rection uf  tiie  forces  inversely. 

pBor.  I.  The  reAiscanccs,  and  (by  the  third  taw  of  mo- 
tion), the  iuipuLiions  of  tiuids  on  oxnilar  bodies,  arc  prcv 
portional  to  tbe  surfaces  of  the  aulid  bodies,  to  the  di^n- 
aties  of  the  fluids,  and  to  tiie  iK{uares  uf  the  velocities, 
jotQtly, 

We  must  now  observe,  that  when  we  suppose  ibc  par- 
ticles of  the  fluid  to  be  in  mutual  contact,  we  may  either 
.juppoee  Uiem  elastic  or  unelastic.  The  motion  commimi- 
tatXcii  to  tlie  cultection  of  elastic  particles  must  be  double  of 
what  the  same  body,  moving  in  the  same  manner,  would 
communicate  to  the  particles  of  an  elastic  fluid.  The  im- 
pulse and  resistance  of  elastic  fluids  must  therefore  be  double 
oTlboseof  unela&ticfluids. — But  we  mustcaution  our  readers 
not  to  judge  of  the  elasticity  of  fluids  by  their  senmble  com- 
prcBsibtiity.  A  diamond  is  incomparably  more  clastic  tlian 
id*  fiaesl  foot-ball,  though  not  compressible  in  any  scn- 
tlegree. — It  remains  to  l>e  decided,  by  well-chosen  ex- 
pemnenta,  whether  water  be  not  as  elastic  as  air.  Ifwc 
suppose,  with  Bo&covich^  the  particles  of  perfect  fluids  to  he 
at  a  distance  from  each  other,  we  shall  find  it  diiHeult  to 
o:>aoeive  a  fluid  void  of  elasticity.  We  hope  that  the  theory 
of  their  impulse  and  resistance  will  suggest  experiments 
whiiJi  will  decide  this  r|uestion,  by  pointing  out  what  ought 
to  be  the  absolute  impulse  or  resistance  in  either  case.  And 
thus  the  fundamental  proposition  of  the  impulse  and  resists 
anoe  of  fluida,  taken  in  its  proper  meaning,  is  susceptible  of 
a  rigid  demcmstralion,  relative  to  the  only  distinct  notion 
thai  we  can  fonn  of  the  internal  constitution  of  a  fluid.  We 
8^1  taken  in  iU proper  meaning;  namely,  that  the  impulse 
or  retastonce  of  fluids  is  a  pressure,  rrpposed  and  measured 
by  aootlier  pressuiv,  such  as  a  pound  weight,  the  iurce  of 
a  spring,  the  prefisiirc  of  the  atmcsphcrt*,  and  the  like.  And 
wc  apprehend  that  it   would  be  very  diliicuU  to  find  any 
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legitimate  demonstration  of  this  leading  pn^xMitioo  diffiereiU 
from  this,  vhich  we  have  now  borrowed  fnmi  Sir  Isuc 
Newton,  Prop.  23.  B.  II.  Princ^.    We  acknoirledgetliit 

it  is  prolix  and  even  drcuitous :  but  in  all  the  ottempti 
made  by  his  commentators  and  their  copyists  to  flunplify  i^ 
*wc  see  great  defects  of  logical  argument,  or  assumptioD  of 
principles,  which  are  not  only  gratuitous,  but  inadmisHihlfe 
We  shall  have  occasion,  as  we  proceed,  to  point  out  aome 
of  these  defects ;  and  doubt  not  but  the  illustrious  author 
of  this  demonstration  had  exerdsed  his  uncommon  patknoe 
and  sagacity  in  similar  attempts,  and  was  dissatisfied  intfa 
them  ail. 

Before  we  proceed  farther,  it  will  be  proper  to  make  s 
general  remark,  which  will  save  a  great  deal  of  diacuMHBi 
Since  it  is  a  matter  of  universal  experience,  that  every  ac- 
tion of  a  body  on  others  is  accompanied  by  an  equal  and 
contrary  re-action ;  and  unce  all  that  we  can  demonstraie 
concerning  the  re^stance  of  bodies,  during  their  matkm 
through  fluids,  proceeds  on  this  supposition  (the  reaslaDee 
of  the  body  being  assumed  as  equal  and  oppoute  to  the 
sum  of  motions  communicated  to  die  particles  of  the  fluid, 
estimated  in  the  direction  of  the  bodies'  motion),  we  are 
entided  to  proceed  in  the  contrary  order,  and  to  consider 
the  impulsions  which  each  of  the  particles  dT  fluid  exerts 
on  the  body  at  rest,  as  equal  and  opposite  to  the  motion 
which  the  body  would  communicate  to  that  particle  if  the 
fluid  were  at  rest,  and  the  body  were  moving  equally  swift 
in  the  opposite  direction ;  and  therefore  the  whole  impul- 
sion of  the  fluid  must  be  conceived  as  the  measure  of  the 
whole  motion  which  the  body  would  thus  communicate  to 
tlic  fluid.     It  must  therefore  be  also  considered  as  the  mea- 
sure of  the  resistance  which  the  body,  moving  with  the 
same  velocity,  would  sustain  from  the  fluid.    When,  there- 
fore, we  shall  demonstrate  any  tiling  concerning  the  im- 
pulsion of  a  fluid,  estimated  in  the  direction  of  its  motioD, 
wc  mu&t  consider  it  as  demonstrated  concerning  the  renst- 
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mnco  of  a  quiescent  fluid  to  the  motion  of  that  body,  hav- 
ing the  same  velocity  in  the  o|)|X)site  <lirecUon.  The  «)c- 
t^rmination  of  these  impulsions  being  mucli  easier  than  the 
delenniMiition  of  the  motions  conimuniealed  bv  the  body 
to  the  particles  of  the  fluid,  this  method  will  be  followed  in 
most  uf  the  subsequent  discussions. 

The  general  proposition  already  delivered  is  by  means 
sufficient  for  explaining  the  various  important  phenomena 
observed  in  the  mutual  actions  of  solids  and  fluids.  In 
particular,  it  gives  us  no  assistance  in  ascertaining  the  mo- 
di^cations  of  this  resistance  or  imptilae,  whiclj  depend  on 
the  shape  of  the  body,  and  the  inclination  of  its  impelled 
or  resiBted  surface  to  the  direction  of  the  motion.  Sir  Isaac 
Newton  found  another  hypothesis  necessary  ;  namely,  that 
the  fluid  should  be  so  extremely  rare,  that  the  distance  of 
the  particles  may  be  incomparably  greater  than  their  dia- 
meters. This  additional  condition  is  necessary  for  consider- 
ing tlieir  actions  ;ls  so  maiiy  separate  collisions  or  impul- 
sions on  a  solid  body.  Each  particle  must  be  supposed  to 
have  abundant  room  to  rebound,  or  otherwise  escape,  af^ 
baring  made  its  stroke,  widiout  sensibly  aflecting  the  situ- 
ations and  motions  of  the  particles  which  have  not  yet 
made  their  stroke ;  and  the  motion  must  be  so  swift  us  not 
to  give  time  for  the  sensible  exertion  of  their  mutual  forces 
of  attractions  and  repulsions. 

Keeping  these  conditions  in  mind,  we  may  proceed  to 
determine  tlie  impulsions  mode  by  a  fluid  on  surfaces  of 
every  kind  ;  and  the  most  convenient  method  to  pursue  in 
this  determination,  is  to  compare  them  all  either  with  the 
impulse  which  the  game  surface  would  receive  from  the 
fluid  impinging  on  it  perpendicularly^  or  with  the  impulse 
which  the  sarrie  xireum  ofjluid  would  make  when  coming 
perpendicularly  on  a  surface  of  such  extent  as  to  occupy 
the  whole  stream. 

Ic  will  greatly  abbreviate  language^  if  wc  make  uw  of  n 
few  termii  in  on  appropriated  sense. 
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By  a  istreamf  we  shall  mean  a  quantity  of  fluid  moving 
in  one  direction,  that  is,  each  particle  moving  in  psnlld 
lines ;  and  the  hreadGi  of  the  stream  is  a  line  perpendicular 
to  all  these  parallels. 

A  JUament  means  a  portion  of  this  stream  of  very  amali 
breadth,  and  it  consists  of  an  indefinite  number  of  particles 
following  one  another  in  the  same  direction,  and  sucoessive- 
ly  imfunging  on,  or  gliding  along,  the  surfiMX  of  the  nlid 
body. 

The  hcue  of  any  surface  exposed  to  a  stream  of  fluid,  ii 
that  pordon  of  a  plane  perpendicular  to  the  stream,  whidi 
is  covered  or  protected  from  the  action  of  the  stream  by  the 
surface  exposed  to  its  impulse.  Thus  the  base  of  a  sphcn 
exposed  to  a  stream  of  fluid  is  its  great  drcle,  whose  plaae 
is  perpendicular  to  the  stream.  If  BC  (Fig.  1.)  be  a  plane 
surface  exposed  to  the  action  of  a  stream  of  fluid,  movini; 
in  the  direction  DC,  then  BR,  or  SE,  perpendicular  to 
DC,  is  its  base. 

Direct  impulse  shall  express  the  energy  or  action  of  tlie 
particle  or  filament,  or  stream  of  fluid,  when  meeting  the 
surface  perpendicularly,  or  when  the  surface  is  perpendicu- 
lar to  the  direction  of  the  stream. 

Ahsduie  impulse  means  the  actual  pressure  on  the  im- 
pelled surface,  arising  from  the  action  of  the  fluid,  whether 
striking  the  surface  perpendicularly  or  obliquely ;  or  it  is 
the  force  impressed  on  the  surface,  or  tendency  to  motion 
which  it  acquires,  and  which  must  be  opposed  by  an  equil 
force  in  the  oppo^te  direction,  in  order  that  the  aux&e 
may  be  muntained  in  its  place.  It  is  of  importance  to 
keep  in  mind,  that  this  pressure  is  always  perpendicular  to 
the  surface.  It  is  a  pi'oposition  founded  on  universal  and 
uncontradicted  experience,  that  the  mutual  actions  of  bo* 
dies  on  each  other  arc  always  exerted  in  a  direction  perpeo* 
dicular  to  the  touching  surfaces.  Thus,  it  is  observed, 
tliat  when  a  billiard-ball  A  is  struck  by  another  By  movii^ 
in  any  direction  whatever,  the  ball  A  always  moves  off  in 
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the  direction  peqjendicular  to  the  plane  which  touchcfl  the 
two  balls  in  the  point  of  mutual  (*ontact,  or  point  of  im- 
pulse. This  inductive  proposition  is  supported  by  every 
argument  which  can  be  drawn  from  what  we  know  con- 
cerning tJ)e  forces  which  connect  tlie  particles  of  niatter  to- 
gether, and  are  the  immediate  caunea  of  the  communication 
of  raoUoa.  It  would  employ  much  time  and  room  to  state 
them  here;  and  we  apprehend  that  it  is  unnecessary:  for 
no  reason  can  be  assigned  why  the  pressure  should  be  in 
ani^  particular  obHque  direction.  If  any  one  should  say 
that  tlie  impulse  will  be  in  the  direction  of  the  stream,  we 
have  only  to  desire  him  to  take  notice  of  the  effect  of  the 
rudder  of  a  sliip.  This  shows  that  the  impulse  U  fu)t  in 
the  direction  of  tJic  stream^  and  is  therefore  in  some  dircc- 
transverse  to  the  stream. — He  will  also  find,  that  when 

plane  surface  is  impelled  obliquely  by  a  fluid,  there  is  no 
direction  in  wluch  it  can  be  supported  but  the  direction 
perpendicular  to  itj^elf.  It  is  quite  safe,  in  the  mean  time, 
to  take  it  as  an  experimeutal  truth.  We  may,  {x^rhups,  in 
some  other  part  of  tliis  work,  give  what  will  be  received  as 
a  rigorous  demonstration. 

BrlatixMf  or  ffftcUve  impulse  means  the  pressure  on  tlie 
surface  estimated  in  stnne  jxirticular  direction.  TIius,  BC 
(Plate  IX.  Fig.  1.)  may  represent  tlie  sail  of  a  sliip,  impelled 
by  tlie  wind  blowing  in  tlie  direction  DC.  GO  may  l)e  the 
direction  of  the  ship's  Jcecl,  or  the  line  of  her  course.  The 
wind  strikes  the  sad  in  the  direction  GH  parallel  to  DC; 
the  sail  is  urged  or  pressed  in  the  direction  GI,  perpendi- 
culnr  to  BC.  But  we  are  intcresletl  to  know  what  tenden- 
cy this  will  give  the  sliip  to  move  in  llie  direction  GO. 
This  is  the  effective  or  relative  impulse.  Or  DC  may  be 
Uie  transverse  section  of  the  sail  of  a  common  wind-mill. 
This,  by  the  construction  of  the  machine,  can  move  only 
in  the  direction  GP,  prrpendicidar  to  the  direcrion  of  |he 
wind ;  and  it  is  only  in  tliis  direction  that  ilic  im^ 
duces  the  dtsiretl  effect.     Or  BC  mn\ 
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of  a  punt  or  lighter,  riding  at  anchor  by  means  of  the  cable 
DC,  attached  to  the  prow  C.  In  this  case,  6Q,  parallel 
to  DC,  is  that  part  of  the  absolute  impulse  which  is  eiD- 

ployed  in  straining  the  cable. 

The  angle  of  incidence  is  the  angle  FGC  contuned  be< 
tween  the  direction  of  the  stream  FG  and  the  plane  BC. 

The  angle  tf  obliquity  is  the  angle  OGC  contained  be- 
tween the  plane  and  the  direction  GO,  in  which  we  wish 
to  estimate  the  impulse. 

F&op.  II.  The  direct  impulse  of  a  fluid  on  a  plane  sur- 
face, is  to  its  absolute  oblique  impulse  on  the  same  surface, 
as  the  square  of  the  radius  to  the  square  of  the  sine  of  tbe 
angle  of  incidence. 

Let  a  stream  of  fluid,  moving  in  the  direction  DC, 
(Fig.  1.)  act  on  the  plane  BC.  With  the  radius  CB  describe 
the  quadrant  ABE  ;  draw  CA  perpendicular  to  C£,  and 
draw  MNBS  parallel  to  C£.  Let  the  pardcle  F,  moring 
m  the  direction  FG,  meet  the  plane  in  G,  and  in  FG  po- 
duced  take  GH  to  represent  the  mi^itude  of  the  direct 
impulse,  or  the  impulse  which  the  particle  would  exert  on 
the  plane  AC,  by  meeting  it  in  V.  Draw  GI  and  HX 
perpendicular  to  BC,  and  HI  perpendicular  to  GL  Abo 
draw  BR  perpendicular  to  DC. 

The  force  GH  is  equivalent  to  die  two  forces  GI  and 
GK  ;  and  GK,  being  in  the  direction  of  the  plane,  has  no 
share  in  the  impulse.  The  absolute  impulse,  tlierefore,  is 
represented  by  GI ;  the  angle  GHI  is  equal  to  FGC,  tbe 
angle  of  incidence ;  and  therefore  GH  is  to  GI  as  radius 
to  the  sine  of  the  angle  of  incidence  :  Therefore  the  direct 
impulse  of  each  particle  or  filament  is  to  its  absolute  oblique 
impulse  as  radius  to  the  sine  of  the  angle  of  incidence. 
But  further,  the  number  of  particles  or  filaments  which 
stnke  the  surface  AC,  is  to  the  number  of  tliose  which 
strike  the  surface  BC  as  AC  to  NC ;  for  all  the  filaments 
between  LA  and  MB  go  post  the  oblique  surface  BC  with- 
out striking  it.     But  BC  :  NC  =:  rod.  :  sin.  NBC,  =  rad. : 
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an.  FGC,  =:  rad. :  sin.  incidence.  Now  the  whole  im- 
pulse is  as  the  impulse  of  each  filament,  and  as  the  num- 
bar  of  filaments  exerting  equal  impulses  jointly ;  therefore 
the  whole  direct  impulse  on  AC  is  to  the  whole  absolute 
impulse  on  BC,  as  the  square  of  radius  to  the  square  of 
the  ane  of  the  angle  of  inddence. 

Let  S  express  the  extent  of  the  surface,  «  the  angle  of 
incidence,  o  the  angle  of  obliquity,  v  the  velocity  of  the 
fluid,  and  d  its  density.  Let  F  represent  the  direct  im- 
pulse, ^the  absolute  obliqueimpulse,  and  9  the  relative  or 
effective  impulse  ;  and  let  the  tabular  sines  and  cosines  be 
considered  as  decimal  fractions  of  the  radius  unity. 

This  proposition  gives  us  F  :  /=  R*  :  sin.*  «,  =  1 :  Hn.^ 
i,  and  therefore  f^Yx  sin.^  i.  Also,  because  impulses 
are  in  the  proportion  of  the  extent  of  surface  amilarly  im- 
pdledy  we  have,  in  general,  /=  FS  X  sin.*,  i. 

The  first  who  published  this  theorem  was  Fardies,  in  his 
Oeuvres  de  Matlitmailquej  in  1673.  We  know  that  New- 
ton *had  investigated  the  chief  propositions  of  the  Frincipia 
before  1670. 

Pbop.  III.  The  direct  impulse  on  any  surface  is  to  the 
effective  oblique  impulse  on  the  same  surface,  as  the  cube 
of  radius  to  the  solid,  which  has  for  its  base  the  square  of 
the  ane  of  inddence,  and  the  ane  of  obliquity  for  its 
height 

For  when  GH  represents  the  direct  impulse  oi  a  par- 
ticle, GI  is  the  absolute  oblique  impulse,  and  GO  is  the 
effective  impulse  in  the  direction  GO :  Now  GI  is  to  GO 
as  radius  to  the  sine  of  GIO,  and  GIO  is  the  complement 
of  IGO,  and  is  therefore  equal  to  CGO,  the  angle  of  oUi- 
quity. 

Therefore/:  *  =  11  :  sin.  O. 
But  F:/=R2:sin.«» 

Therefore  F  :  ^  =  R^ :  sin.*»  x  sin.  O,  and  ♦ 
F  X  sin.'  i  X  sin.  O. 

Cor.— 'The  direct  impulse  on  any  surface  is  to  the  ( 
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ive  oblique  impulse  in  the  direction  of  the  stream,  m  the 
cube  of  radius  to  the  cube  of  the  sine  of  inodenoe.  For 
draw  IQ  and  GP  perpendicular  to  GH,  and  IP  perpend^ 
cular  to  GP ;  then  the  absolute  impulse  GI  is  equivalent 
to  the  impulse  GQ  in  the  direction  of  the  stream,  and  GP, 
which  may  be  called  the  transverse  impulse.  The  ii^ 
GIQ  is  evidently  equal  to  the  angle  GHI,  or  FGCy  the 
angle  of  incidence. 


Therefore  /:  *  =  GI :  GQ, 

=  R  :  sin.  i 

But             F  :/  = 

R«:8in.»«. 

Therefore  F  :  ^  = 

R3:sin.'i. 

And  ^  =  F  X  sin.^  I 

Before  wc  proceed  further,  wc  shall  consider  the  impulse 
on  a  surface  which  is  also  in  motion.  This  is  evideotlj  a 
frequent  and  an  important  case.  It  is  perhaps  the  most 
frequent  and  important :  It  is  the  case  of  a  ship  under  aul, 
and  of  a  wind  or  water-mill  at  w«rk. 

Therefore,  let  a  stream  of  fluid,  moving  with  the  d2xe^ 
tion  and  velocity  D£,  meet  a  plane  BC,  (Fig.  2.)  whidiis 
moving  parallel  to  itself  in  the  direction  and  with  the  velo- 
city DF :   It  is  required  to  determine  the  impulse  ? 

Nothing  is  more  easy.  The  mutual  actions  of  bodies 
depend  on  their  relative  motions  only.  The  motion  D£ 
of  the  fluid  relative  to  BC,  which  is  also  in  motion,  is  cqid- 
pounded  of  the  real  motion  of  the  fluid,  and  the  oppoate 
to  the  real  motion  of  the  body.  Therefore  produce  FD 
till  D/=DF,  and  complete  the  parallelogram  D/*eE, 
and  draw  the  diagonal  D  e.  The  impulse  on  the  plane  is 
the  same  as  if  the  plane  were  at  rest,  and  every  particle  of 
the  fluid  impelled  it  in  the  direction  and  with  the  velodty 
D « ;  and  may  therefore  be  determined  by  the  foregoing 
proposition.  This  proposition  applies  to  every  possible 
case ;  and  we  shall  not  bestow  more  time  on  it,  but  reserve 
the  important  modification  of  the  general  proposition  for 
the  cases  which  shall  occur  in  the  practical  applications  of 
the  whole  doctrine  of  the  impulse  and  resistance  of  fluids. 
1 
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Prot .  l\\  The  direct  impulse  of  a  stream  of  fluid,  whose 
breadth  is  given,  is  to  its  oblique  effective  impulse  in  the 
direction  of  the  stream,  as  the  square  of  radius  to  the  square 
of  the  sine  of  the  angle  of  incidence. 

For  t}ie  number  of  filaments  which  occupy  ihe  oblique 
plane  BC>  would  occupy  the  portion  NC  of  a  perpendicu- 
lar plane,  and  therefore  we  have  only  to  compare  the  per- 
pendicular impulse  on  any  point  V  with  the  effective  im- 
pulse made  by  the  same  filament  FV  on  the  oblique  plane 
at  G.  Now  GH  represents  the  impulse  which  this  fila- 
ment would  make  at  V  ;  and  GQ  is  the  effective  impulse 
of  the  same  filament  at  G,  estimated  in  the  direction  GH 
of  the  stream ;  and  Gil  is  to  GQ  as  GIP  to  GV,  that  is, 
as  rad.'  to  sin.''  i. 

Cor.  1.  The  effecUve  impulse  in  the  direction  of  the 
stream  on  any  plane  surface  BC,  is  to  the  direct  impidse 
on  its  base  BR  or  S£,  as  the  square  of  the  sine  of  the  an- 
gle of  incidence  to  the  square  of  the  radius. 

'i.  If  an  isosceles  wedge  ACB  (Fig.  3.)  be  exposed  to 
a  stream  of  fluid  moving  in  the  direction  of  its  height  CD, 
the  impulse  on  the  sides  is  to  the  direct  impulse  on  the 
base,  OS  the  square  of  half  the  base  AD  to  the  s({uare  of 
tJje  side  AC,  or  as  the  square  of  the  sine  of  half  the  angle 
of  the  wedge  to  the  square  of  the  radius.  For  it  is  eri- 
denty  that,  in  tliis  case,  the  two  tronsvcrbc  impulses,  such 
as  GF  in  Fig.  1.  balance  each  other  ;  and  the  only  impuLe 
which  can  be  observed  is  the  sum  of  the  two  impulses,  suck 
as  GQ  of  Fig,  1.  which  are  to  be  compared  with  the  im- 
pulses on  tJie  two  halves  AD,  BD  of  the  base.  Now  AC 
:  AB=:rad.  :  sin.  ACD,  and  ACD  is  equal  to  the  angle 
of  incidence.  * 

Therefore,  if  the  angle  ACB  is  a  right  angle,  and  ACD 
is  half  a  right  angle,  llie  square  of  AC  is  twice  the  stjuare 
of  AD,  and  the  impulse  on  the  sides  of  a  rectangular 
wedge  is  half  the  impulse  on  its  base. 

Also,  if  a  cube  ACBE  (Fig.  4.)  be  cxjwscd  to  u  btrcam 
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moving  in  a  direction  peq)endi€ular  u>  one  of  iU  sides,  and 
then  to  a  stream  moving  in  a  direction  pcrpendiouiu  to 
one  of  its  diagonal  planes,  the  imputBc  in  the  first  cue  will 
be  lo  the  impulse  in  the  second  as  '/H  to  1.  Call  the  per* 
pcndicular  inipulde  on  a  side  F,  and  the  perpendicular  im- 
pulse on  its  diagonal  plane  /»  and  the  effective  oblique  im- 
pulse  on  its  aides  •?  ;•— we  have 

F  :/=  AC  :  AB  =  1  :  •?,  and 
y :  ♦  =  XC :  AD»  =2:1.     Therefore 
Pi#=  2:  v^,  =  •¥  :  1,  or  very 

nearly  as  10  to  7. 

The  same  reasoning  will  apply  to  a  pyramid  whose  ha<c 
is  a  regular  polygon,  and  whose  axis  is  perpendicular  to 
the  base.  If  such  a  pyramid  is  exposed  to  a  stream  of 
fluid  moving  in  the  direction  of  the  axis,  the  direct  impubie 
on  the  base  is  to  the  effective  impulse  on  tlie  pyramid,  as 
the  square  of  the  radius  to  the  square  of  the  sine  of  xht 
angle  which  the  axis  makes  with  the  sides  of  the  pyramid- 

And,  in  hke  manner,  the  direct  impulsion  on  the  base  of 
a  right  cone  is  to  the  effective  impulsion  on  the  conical  sur- 
face,  as  tlic  square  of  the  radius  to  tlic  square  of  the  sine 
of  half  the  angle  at  the  vertex  of  the  cone.  This  is  do* 
monstrated,  by  supposing  the  cone  to  be  a  pyramid  of 
infinite  number  of  sides. 

We  may  in  this  manner  compare  the  impulse  on  any 
polygonal  surface  with  the  impulse  on  its  base,  by  con»- 
paring  apart  tlie  impulses  on  each  plane  with  those  in  ibeir 
corresponding  bases,  and  taking  thdr  sum. 

And  we  may  compare  the  impulse  on  a  curved  surfaot 
with  that  on  its  base,  by  resolving  the  curved  surface  into 
elementary  planes,  each  of  which  is  impelled  by  an  ele- 
mentary filament  of  the  stream. 

The  following  beautiful  proposition,  given  by  Le  S<ftlf 
and  Jaquier,  in  their  Conimenlary  on  the  Second  IVjok  of 
Newton's  Priucipia,  with  a  few  examples  of  Its  upplicalion, 
will  fiuffice  for  any  further  account  of  this  theoTy\ 
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Pbop.  V.  Let  ADB  (Fig.  5.)  be  the  section  of  a  sur- 
of  simple  curvature,  such  as  is  the  surface  of  a  cylin- 
der. Let  this  be  exposed  to  the  action  of  a  fluid  moving 
the  direction  AC.  Let  BC  be  the  section  of  the  plane 
V'hich  we  have  called  its  base),  j)erpendicular  to  the  di- 
rection of  the  fitream.  In  AC  produced,  take  any  length 
C6 ;  and  on  CG  describe  the  semicircle  CHG,  and  com- 
plete the  rectangle  fiCGO.  Through  any  point  D  of  the 
curve  draw  ED  parallel  to  AC,  and  meeting  BC  and  OG 
in  Q  and  P.  Let  DF  touch  the  curve  in  D,  and  draw  the 
chord  GH  parallel  to  DF,  and  HKM  perpendicular  to 
CG,  meeting  ED  in  M.  Suppose  this  to  be  done  for 
every  point  of  the  curve  ADB,  and  let  LMN  be  the  curve 
ich  passes  through  all  the  points  of  intersection  of  the 
lels  £DP  and  the  corresponding  perpendiculars 
HKM. 

The  efiTective  impulse  on  the  curve  surface  ADB  in  the 
lion  of  the  stream,  is  to  its  direct  impulse  on  the  base 
as  the  area  BCNL  is  to  the  recUngle  BCGO.  (Fig.  4.) 
jynw€dqmp  parallel  to  £P,  and  extremely  near  it* 
The  arch  D  d  of  the  curve  may  be  conceived  as  the  sec- 
tion of  an  elementary  plane,  having  the  position  of  the  tan- 
gent DF.  The  angle  EDF  is  the  tingle  of  incidence  of 
the  filament  ED  d  e.  This  is  equal  to  CGH,  because  ED, 
DF,  are  parallel  to  CG,  GH;  and  (because  CHG  is  a  se- 
micircle) CH  is  perpendicular  to  GH.  Also,  CG  :  CH 
=  CH  :  CK,  and  CG  :  CK  =  CG'  :  CH',  =  rad.»  :  sin.', 
CXJH,  =  rad.^ :  sin.'  incid.  Therefore,  if  CG,  or  its  equal 
DP,  represent  the  direct  impulse  on  the  point  Q  of  the 
base,  CK,  or  its  etjual  QM,  will  represent  the  effective 
impulse  on  the  point  D  of  the  curve.  And  thus,  QqpT 
will  represent  the  direct  impulse  of  the  filament  on  the  ele- 
ment Q  7  of  the  base,  and  Q  g-  jw  M  will  represent  the  f^f 
fective  impulse  of  tlie  same  filament  on  the  element  DW 
the  curve.  And,  as  this  is  true  of  the  whole  curve 
the  cfToctive  impulse  on  the  whole  curve  will  be  rep 
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cd  by  the  area  BCNML;  and  the  direct  impaUe  <m  the 
base  will  be  represented  by  the  rectangle  BCGO ;  nod 
therefore  the  impulse  on  the  curve-aurfacc  is  to  the  im- 
pulse on  the  base  a.s  the  area  BLMNC  is  U>  tlie  rectaogle 
BOGC. 

It  is  plain,  from  the  construction,  that  if  the  tangent  lo 
the  curve  at  A  is  perpendicular  to  AC,  the  point  N  will 
coincide  with  G.  Aiuo,  if  the  tangent  to  the  curve  «t  B 
is  parallel  lo  AC,  the  point  L  will  coincide  with  B. 

Whenever,  therefore,  the  cur\*e  ADB  is  such,  that  an 
equation  can  be  had  lo  exhibit  the  general  n'  *■  ';  iK'tween 
the  abscissa  AR  and  the  ordinate  DR,  wc  -i   >  *(ce  aa 

equation  which  exhibits  the  relation  between  the  absoM 
CK  and  the  ordinate  KM  of  ilie  curve  LAIN ;  and  tliis 
will  g^ve  us  the  ratio  of  BLNC  to  BOGC, 

Thus,  if  the  surface  is  that  of  a  cyhnder,  so  that  tlic 
curve  BDAA,  (Fig.  6.)  which  receives  the  impulse  of  the 
fluid,  is  u  %micirclc,  make  CG  equal  to  AC,  and  coiutntct 
the  figure  as  before.  The  curve  BMG  is  u  parabola, 
whose  axis  CG,  whose  vertex  is  G,  and  whose  parameter 
is  equal  to  CG.  For  it  is  plain,  that  CG  =  DC,  (Fig.  ♦.) 
and  GH  ^  CQ,  =  MK.  And  CG  X  GK  =  GW  = 
KM-;  that  is,  the  curve  is  such,  that  the  square  of  the 
ordinate  KM  is  equal  to  the  rectangle  of  the  abscissa  GK 
and  a  constant  line  GO ;  and  it  is  therefore  a  para- 
bola, whose  vertex  is  G.  Now,  it  is  well  known,  that  the 
parabolic  area  BMGC  is  two-thirds  of  tJie  parallelo£;nD 
BCGO.  Therefore  the  impulse  on  the  quadrant  ADB  ii 
two-thirds  of  the  impulse  on  the  base  BC.  The  same  may 
be  said  of  the  quadrant  Adb  and  ita  base  c b,  Thereibrfi 
The  impuljie  ofi  a  cylinder  or  half'  cylmder  u  ttoo^ihirds 
of'  the  direct  impulie  on  Ha  tran^vcr:ie  plane  Uirrmgh  $hi 
asciM  ;  or  it  is  two-thirds  of  the  direct  impulse  on  one  ade 
of  a  parallelopiped  of  the  same  breadth  and  height. 

Pkoi'.  VI.    If  the  body  be  a  solid  generated  by  the  w- 
volution  of  l]]e  figure  BDAC  (Fig.  5.)  round  the  axis  AC, 
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I  and  if  it  be  exposed  to  the  action  of  a  stream  of  fluid  mov- 
I  ing  in  the  direciion  of  the  axis  AC  ;  then  the  effective  im- 
^^klse  in  the  direction  of  the  stream  is  to  (he  direct  impulse 
^Hb  its  base,  as  the  solid  generated  by  the  revolution  of  the 
^Blgure  BLMNC  round  the  axis  CN  tn  the  cylinder  gene- 
rated by  the  revolution  of  the  rectangle  BOGC. 

This  scarcely  needs  a  demunstration.  The  figure 
ADBLMNA  is  a  section  of  these  solids  by  a  plane  pass- 
ing  through  the  axis;  and  what  has  been  demonstrated  of 
^Hftiis  section  is  true  of  every  other,  because  they  are  all 
^^squal  and  similar.  It  is  therefore  true  of  the  whole  so- 
t  Jida,  and  (Uicir  base)  the  circle  generated  by  the  revolu- 
^Hon  of  BC  round  the  axis  AC. 

^^  Hence  we  easily  deduce,  that  TIu  tmpidse' on  a  sphere 
;  is  one  haJf  of  t/te  direct  impulse  on  its  great  circky  or  an 
I  the  base  of  a  ci/liudcr  of  equal  diameter, 
^^  Fur,  in  this  case,  the  curve  BMN,  (Fig.  6.)  which  ge- 
^^eratcs  the  solid  expressing  the  impulse  on  the  sphere,  is  a 
parabola,  and  the  solid  is  a  parabolic  conoid.  Now  this 
'  conoid  is  to  the  cylinder  generated  by  the  revolution  of  the 
rectangle  BOGC  round  the  axis  CG,  as  the  sum  of  all  the 
circles  generated  by  the  revolution  of  ordinales  to  the  pa* 
rabola  such  as  KM,  to  the  sum  of  as  many  circles  gene- 
rated by  the  ordinates  to  the  rectangle  such  as  KT  ;  or  as 
the  sum  of  all  the  squares  described  on  the  ordinates  KM 
to  the  sum  of  as  many  squares  described  on  tiie  ordinates 
KT.  Draw  BG  cutting  MK  in  S.  The  square  on  MK 
is  to  the  square  on  BC  or  TK  as  tJie  abscissa  GE  to  the 
abactsaa  GC  (by  the  nature  of  the  parabola),  or  as  SK  to 
BC  ;  because  SK  and  BC  are  respectively  equal  to  GK 
aod  GC.  Therefore  the  sum  of  all  the  squares  on  ordi- 
nate, such  as  ^IK,  is  to  the  sum  of  as  many  squares  on 
ocdisates  such  as  TK«  as  the  sum  of  all  the  lines  SK  to 
the  sum  of  a»  many  lines  TK ;  thai  ia,  as  the  triangle 
BGC  to  the  rectangle  BOGC  ;  that  is,  as  one  tn  two :  and 
^tfanvfore  the  impulse  on  the  sphere  is  one-half  of  the  dU 
^^■ct  impulse  on  its  great  circle. 
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.From  the  same  construction  we  may  very  easily  dedott 
curious  and  seemingly  useful  truth,  that  of  all  coni* 
cal  bodies  having  the  circle  whose  diameter  is  AH  (Fi».  3.) 
for  its  basCf  and  FD  for  its  height,  die  one  wliich  sustaioA 
the  smallest  impulse,  or  meets  with  the  smallest  resistance, 
is  the  frustum  AGHB  of  a  cone  ACB  so  constructed,  that 
EF  bfing  taken  equal  to  ED,  KA  is  equal  to  EC,  ITii* 
frustum,  though  more  capacious  than  the  com?  AFH  of  the 
some  height,  will  be  less  resisted. 

Also,  if  the  sohd  generated  by  the  revolution  of  BDAC 
(Fig.  5.)   have  its  anterior  part  covered  with  a  frustn:*  r* 
a  cone  generated  by  the  lines  Da,  a  A,  forming  thr  a  < 
at  a  of  1.35  degrees;    this  solid,  though  more  capacious 
than  the  included  solid,  will  I>c  less  resisted. 

And,  from  the  same  principles,  Sir  Isaac  Newton  deter- 
mined the  form  of  the  curve  ADB,  which  wpuld  generate 
the  solid  whlcii,  of  all  others  of  the  same  length  and  base, 
should  have  the  least  resistance. 

Thetie  are  curious  and  iinpurtant  deductions,  but  arc  not 
intnxluced  hero,  for  reasons  whicli  will  soon  appear. 

The  reader  cannot  fail  to  observe,  that  all  that  we  have 
hitherto  delivered  on  this  subject,  relates  to  the  companiion 
of  difTerent  impulses  or  resistances.  We  have  always  com- 
pared the  oblique  impulsions  with  the  direct,  and  by  tlieir 
intervention  we  compare  the  oblique  impulsions  with  each 
other.  But  it  remains  to  give  absolute  measure*  of  same 
Individual  impulsion  ;  to  which,  as  to  an  unit,  we  may  r^ 
fcr  every  other.  And  as  it  is  by  their  pressure  that  tht'y 
become  useful  or  hurtful,  and  they  must  be  opposed  by 
other  pressures,  it  becomes  extremely  convenient  to  com- 
pare tliem  all  with  that  pressure  with  which  we  arc  moct 
familiarly  acquainted,  the  pressure  of  gravity. 

The  manner  in  which  the  comjiarison  is  made  is  lliis. 
When  a  body  advances  in  a  fluid  with  a  known  velocity, 
it  puts  a  known  quantity  of  the  fluid  into  motion  {a*  is 
supposed)  with  this  velocity ;  and  this  i»  done  in  a  known 
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Wc  have  ordy  to  examine  what  w«ght  will  put  tliu 
ity  of  fluid  into  the  same  motion,  by  acting  on  it  du- 
he  same  time.  This  weight  is  conceived  as  equal  to 
distance.  Thus,  let  us  suppose  that  a  stream  oC  wa- 
toving  at  the  rate  of  eight  feel  |)er  second,  i.s  iieq^en- 
rly  obutructed  by  a  square  foot  of^  solid  surface  held 
I  its  place.  Conceiving  water  to  act  in  the  manuer 
;  hypothetical  fluid  now  described,  and  to  be  witJiouL 
ity,  the  whole  efTect  is  the  gradual  annihilation  of  the 
B  of  eight  cubic  feet  of  water  moving  eight  feet  in  a 
1  And  this  is  done  in  a  second  of  time.  It  is  cqui- 
:  to  the  gradually  putting  eight  cubic  feet  of  water 

otion  with  tliis  velocity ;  and  doing  this  by  acting 
ly  during  a  second.  What  weight  is  able  to  pro- 
his  effect  ?  The  weight  of  eight  feet  of  water,  acting 
\  a  second  on  it,  will,  as  is  well  kno^vn,  give  it  the 
y  of  thirty.two  feet  per  second  ;  that  is,  four  times 
r.  Therefore,  the  weight  of  the  fourth  port  of  eight 
feet,  that  is,  the  weight  of  two  cubic  feet,  acting  dii> 

second,  will  do  the  same  thing,  or  the  weight  of  a 
of  water  whose  base  is  a  square  foot,  and  whose 

is  two  feet.  This  will  not  only  produce  this  effect 
same  time  with  the  impulsion  of  the  solid  body,  but 
also  do  it  by  the  some  degrees,  as  any  one  will  clear- 
teive,  by  attending  to  the  gradual  acceleration  of  the 
of  water  urge<l  by  ofie-fourih  of  its  weight,  and  com- 

this  with  the  gradual  production  or  extinction  of 

in  the  fluid  by  the  progress  of  the  resisted  surface. 

r  it  is  well  known  that  eight  cubic  feet  of  water,  by 

one  fool,  which  it  will  do  in  one-fourth  of  a  second, 
cquire  the  velocity  of  eight  feet  per  second  by  its 

;  therefore   the  force  which  produces  the  some  ef- 

a  whole  second  is  one-fourih  of  this.     This  force  is 
equal  to  the  weight  of  a  column  of  water,  whoHe 

a  square  foot,  and  whose  height  is  two  feet ;  that  is, 
^>e  height  neccssaiy  for  iirquiring  the  velocity  oi  Ul£ 
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in  concert  with  the  true  resisUiiice.  A  similar  thing  is  6b- 
served  in  the  resistance  of  air,  which  is  condensed  bdbn 
the  body  and  rarefied  l>ehind  it,  and  (hiiH  an  additional  r^ 
aistance  is  produced  by  the  unbalanced  elasticity  oi'  the  air  ; 
and  also  because  tlie  air,  whicli  Is  actually  dlsplaoedy  it 
dcBter  than  cummon  air.  These  circumstancea  cause  tfat 
renstances  to  increase  faster  than  the  squares  of  the  vcloci* 
ties :  but,  even  independent  of  this,  there  is  an  additional 
resistance  aruing  firom  the  tendency  to  rarefaction  behind  i 
ver)'  swii\  body ;  because  the  pressure  of  the  surrouniiblg 
flui<l  can  only  make  Uic  fluid  iiil  the  space  left  with  a  deters 
mined  velocity. 

We  have  had  occasion  lo  speak  of  this  circumstaooe  OKtft 
particularly  under  GnNNEUV  and  PxErMATics,  when  con* 
sidering  very  rapid  niutioiii:).    Mr  Rubins  liad  remarked  ihsl 
the  velocity  at  which  the  observed  resistance  of  the  ur  be- 
gan to  increase  so  prodigiously,  was  that  of  about  1100  or 
ISOO  feet  per  second,  and  tliat  this  was  the  velocity  with 
which  air  would  rush  into  avoid.    He  concluded,  tliat  wlicti 
the  velocity  was  greater  than  tliis,  the  ball  was  exposed  (o 
the  additional  resistance  arising  from  the  unbalanced  stati- 
cal pressure  of  the  dr,  and  tliat  this  constant  quantity  be- 
hoved to  be  added  to  the  resistance  arising  from  the  air^s 
inertia  in  all  greater  velocities.     This  is  very  reABonablc; 
But  he  imagined  that  in  smaller  velocities  there  was  no  such 
unbalanced  pressure.     I^ut  this  cannot  l>e  the  case  :  for  al- 
though in  smaller  velocities  the  air  will  still  fill  up  the  space 
behind  the  body,   it  will  not  till  it  up  with  air  of  tlie  same 
density.     This  would  be  to  sup(x>se  the  motion  of  tlie  air 
into  the  deserted  place  to  be   instantaneous.     There  mu«t 
therefore  be  a  rarefaction  behind  the  body,  and  a  presnupc 
backward;  arising  from  unbalanced  elasticity,  independnu 
of  the  condensation  on  the  anterior  part.  The  condenMliun 
atid  rarefaction  are  caused  by  the  same  tiling,  vix.  the  li* 
mited  elasticity  of  the  air.     Wore  this  infinitely  greats  tbr 
•mallest  condensation  before  the  body  would  be  instanclj 
diffused  over  tho  whole  air.  nnd  sn  would  the  mrcfnclton. 
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50  that  no  pressure  of  unbalanced  elasticity  would  be  ob- 
served ;  but  the  elasticity  is  such  as  to  propagate  the  con- 
densation with  the  velocity  of  sound  only,  t.  e.  the  velocity 
of  1 1 42  feet  per  second.  Therefore  this  additional  resistance 
does  not  commence  precisely  at  this  velocity,  but  is  sensible 
mail  smaller  velocities,  as  is  very  justly  observed  by  Euler. 
Bnt  we  are  not  yet  able  to  ascertain  the  law  of  its  increase, 
although  it  is  a  problem  which  seems  susceptible  of  a  tole- 
rably accurate  solution. 

Precisely  similar  to  tliis  is  the  resistance  to  the  motion  of 
floating  bodies,  arising  from  the  accumulation  or  gorging  up 
of  the  water  on  their  anterior  surface,  and  its  depression  be- 
hind ihem.  Were  tlie  gravity  of  the  water  infinite,  while 
its  inertia  remains  the  same,  tlie  wave  raised  up  at  the  prow 
of  a  ship  would  be  instantly  difTused  over  the  whole  ocean, 
and  it  would  therefore  be  infinitely  small,  as  also  the  de- 
pression behind  the  poop.  But  this  wave  requires  time  for 
its  diffusion  ;  and  while  it  is  not  diffused,  it  acts  by  hydro- 
statkai  pressure.  We  are  equally  unable  to  ascertain  the 
law  of  variation  of  this  part  of  the  resistance,  the  mechanism 
of  waves  being  but  very  imperfectly  understood.  The  height 
of  the  wave  in  the  experiments  of  the  French  Academy 
could  not  be  measured  with  sufficient  precision  (being  only 
observed  r/*  pansani)  for  ascertaining  its  relation  to  the  ve- 
locity. The  Chev.  Buat  attemptctl  it  in  hia  experiments, 
but  without  success.  This  must  evidently  make  a  part  of 
tile  resistance  in  all  velocities :  and  it  still  remains  an  unde- 
cided question,  "  What  relation  it  bears  to  the  velocities  ?'' 
When  the  solid  body  is  wholly  buried  in  the  fluid,  tliis  ac- 
cumulation does  not  take  place,  or  at  least  not  in  the  same 
way:  It  may,  however,  be  observed.  Every  person  may 
roooUect,  that  in  a  very  swift  running  stream  a  large  stone 
at  the  bottom  will  produce  a  small  swell  above  it ;  unless  it 
lies  very  deep,  a  nice  eye  may  still  observe  it.  The  water, 
on  arriving  at  the  obstacle,  glides  post  it  in  every  direction, 
and  is  deflected  on  all  bauds ;  and  therefore  what  passes 
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over  it  is  also  deflected  upwards,  and  causes  the  water  mxr 
it  to  rise  above  its  level.  The  nearer  that  the  body  m  lo 
the  surface^  the  greater  will  be  the  pcq>endicular  rise  of  the 
water,  but  it  will  be  less  difiused  ;  and  it  is  uncertain  whe- 
ther tlie  whole  elevation  will  be  greater  or  less.  By  tbt* 
whole  elevation  we  mean  the  area  of  a  perpendicular  sectioo 
of  the  elevation  by  a  plane  peq)endicu)ar  to  tJie  directioo 
of  the  stream.  We  are  rather  disposed  to  think  that  dni 
area  will  be  greatest  when  the  body  10  near  the  surjke. 
D'UUoa  has  attempted  to  consider  this  subject  sdentifictl- 
ly  ;  and  is  of  a  very  diH'erent  opinion,  which  he  canfiims 
by  the  single  experiment  to  be  mentioned  by  and  by.  Msib 
time,  it  is  evident,  that  if  the  water  which  glides  past  tbe 
body  cannot  fall  in  behind  it  with  sufficient  velocity  for 
tilling  up  the  space  behind,  there  must  be  u  void  tbeir; 
and  thus  a  hydrostatical  pressure  must  be  superadded  to 
the  resistance  arising  iVom  Uie  inertia  of  the  water.  Alt 
must  have  observed,  that  if  the  end  of  a  stick  held  in  the 
liand  be  drawn  slowly  through  the  water,  the  water  will  fill 
the  place  left  by  the  stick,  and  there  will  be  no  curled  wave: 
but  if  the  motion  be  very  rapid,  a  hollow  trough  or  gutter 
is  left  behind,  and  is  not  filled  npiill  at  some  distance  frvni 
the  stick,  and  the  wave  wluch  forms  its  sides  is  very  mud* 
broken  and  curled.  The  writer  of  this  article  has  often 
looked  inu)  the  water  from  the  poop  of  a  secondo^te  mm 
of  war  when  she  was  soiling  1 1  miles  jicr  hour,  which  i»» 
velocity  of  IG  feet  per  second  nearly  ;  and  he  not  onlv  ob* 
served  thai  the  back  of  the  rudder  was  naked  for  about  two 
feet  below  the  load  water-line,  but  also  thai  the  trough  or 
wake  made  by  the  ship  was  filled  up  with  water  which  w»* 
broken  and  foaming  to  a  considerable  depth,  and  to  a  ood- 
siderablc  distance  from  the  vessel :  There  ni^  '  fore 
have  been  a  void.     He  never  saw  the  wake  \k-:  uan- 

sparent  (and  therefore  completely  filled  with  water)  vbcn 
the  velocity  exceeded  0  or  10  feet  per  second.  While  ihi» 
broken  water  is  observed,  there  can  be  no  dtiubt  llmi  there 
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!•  a  void  aod  an  additional  resistance.  But  even  when  the 
space  lefl  by  the  body,  or  the  space  behind  a  fttill  body  ex- 
posed to  a  stream,  is  completely  filled,  it  may  not  be  filled 
sufficiently  tost,  and  there  may  be  (and  certainly  is,  as  we 
shall  see  ai\orwardtt)  a  quantity  of  water  behind  the  body, 
which  is  moving  more  slowly  away  than  the  rest,  and 
therefore  hangs  in  some  shape  by  the  body,  and  is 
dragged  by  it,  increasing  the  resistance.  The  quantity 
of  this  must  depend  partly  on  the  velocity  of  the  body 
or  stream,  and  partly  on  the  rapidity  with  which  the  sur- 
rounding water  comes  in  behind.  This  last  must  depend 
CD  the  pressure  of  the  surrounding  water.  It  would  appear, 
that  when  this  adjoining  pressure  is  very  great,  as  must 
happen  when  the  depth  is  great,  the  augmentation  of  re- 
Mtancc  now  spoken  of  would  be  less.  Accordingly,  this 
appears  in  Newton'*s  experiments,  where  the  lialls  were  less 
retarded  as  they  were  deejx^r  under  water. 

These  experiments  arc  so  simple  in  their  nature,  and 
were  made  with  such  care,  and  a  person  so  able  to  de> 
tect  and  appreciate  every  circumstance,  that  they  deserve 
great  credit ;  and  tlic  conclusions  legiiimaiely  drawn  from 
them  deserve  to  be  considered  as  physical  laws.  We  diink 
that  the  present  dc>duction  is  unexceptionable :  for  in  the 
motion  of  balls,  which  hardly  descended,  their  preponder- 
ancy  being  hardly  sensible,  the  effect  of  depth  must  have 
borne  a  very  great  proportion  to  the  whole  re^tance,  and 
ratnt  have  greatly  influenced  their  motions ;  yet  they  were 
observed  to  fall  as  if  the  resistance  had  no  way  depended 
on  the  depth. 

The  same  thing  appears  in  Borda's  experiments,  where 
a  sphere  which  was  deeply  immersed  in  the  water  was  less 
remsted  than  one  that  movctl  with  the  same  velocity  near 
the  surface ;  and  this  \iB&  very  constant  and  regular  in  a 
course  of  experiments.  D'Ulloa,  however,  affirms  the  con- 
trary :  He  says  tliat  tiie  resistance  of  a  board,  which  was  a 
foot  broad,  immersed  one  foot  in  a  stream  moving  two  feet 
per  :sccund,  wasldUbs. ;  and  the  resistance  to  (he  tiamc 
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board,  when  immersed  3  feet  in  a  stream  moving  1  ^  fecA  per 
second  (in  which  case  the  surface  woa  2  feel),  was  S6i 
pounds.* 

We  are  very  sorry  that  we  cannot  give  a  proper  acooooi 
of' tins  dieory  of  resistance  by  Don  George  Juan  D^UUot, 
on  author  of  great  mathematical  reputation,  and  Uie  itupe^ 
tor  of  the  marine  academics  in  Spain.  AVc  Havc  not  ben 
able  to  procure  either  tlie  original  or  the  French  trandik 
lion,  and  judge  of  it  only  by  an  extract  by  Mr  Pronj  in  fm 
Areldteciurc  Hi/dratiiique,  sect.  868,  &c.  The  tlieory  is  en- 
veloped (according  to  Mr  Prony's  custom)  in  the  nxwtcooK 
plicated  expressions,  eo  that  the  physical  principles  are  kcpl 
almost  out  of  sight.  When  accommodated  to  the  smplMt 
possible  case,  it  is  nearly  as  follows : 

Let  o  be  an  elementary  orifice  or  portion  of  the  snrfkoc 
of  the  side  of  a  vessel  filled  with  a  heavy  fluid,  and  let  A  be 
its  depth  under  the  horizontal  surface  of  the  fluid.  L«t) 
be  the  density  of  the  fluids  and  p  the  accelerotire  puirar  of 
gravity,  ^  32  feet  velocity  acquired  in  a  second. 

It  is  known,  says  he,  that  the  water  would  flow  out  at 
this  hole  with  the  velocity  u  =  ^2  f  A,  and  ««'=  S^A  and 


H  =  ^. 


It  is  also  known  tliat  the  pressure  p  on  ^ 

orifice  ois  ^oiA,  =fo'  gr-  =  ^  }  ou^. 

Now,  let  this  little  surface  o  be  supposed  to  move  with 
the  velocity  v.  The  fluid  would  meet  it  with  the  velocity 
u4-  r,  or  u—  v,  according  as  it  moved  in  the  opposite  or 
in  the  same  direction  witli  the  efllux.  In  the  e(|uaiioa|r 
=  1 2  o  U-,  substitute  ti^^v  for  Uy  and  we  havc  the  ptf* 

sure  on  «  =^  =  -^  (u  =fc:r)«,  =  ~-  (v'aTA  =fc  r*). 

This  pressure  i&  a  weight,   that  is,  a  mass  of  matter « 


•  There  is  romething  very  nn accountable  in  thrite  rxptTimrflt** 
The  resUtonces  are  much  greater  than  any  otltcr  author  has  vl 
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actuated  by  gravity  ^,orp  =  fm,  and  m  =  ^o  ('/Jh  z±=. 

This  elemcnt&ry  surface  being  immersed  in  a  stagnaat 
flujdf  and  moved  with  the  velocity  v^  will  bustain  on  one 

side  a  pressure  J  o  f^  •  /«  +     /3y  )  ,  and  on  ihe  other 

side  a  pressure  10  l^/h  —  —r=j  ;    and  the  sensible 

resistaDcc  wdl  be  the  difference  of  these  two  pressures, 

which  is  i  0  4  -v/  A  —775—1  or  3  o  4-  y'  A  5,  that  is ^ 

because  ^2#  =  8;  a  quantity  which  is  in  the  subdupli- 
caie  ratio  of  Llic  depth  under  the  surface  of  the  Huid,  and 
the  simple  ratio  of  the  velocity  of  the  resisted  surface 
jointly. 

There  is  nothing  in  experimental  philosophy  more  cer- 
tain  than  that  the  resistances  are  very  nearly  in  the  dupli- 
cate ratio  of  the  velocities ;  and  we  cannot  conceive  by  what 
experiments  the  ingenious  author  has  supported  this  con- 
clusioD. 

But  there  is,  besides,  what  appears  to  us  to  be  an  essen- 
tial ddect  in  this  investigation.  The  equation  exhibits  no 
resistance  in  the  case  of  a  fluid  without  weight.  Now  a 
theory  of  the  resistance  of  fluids  should  exhibit  the  retard- 
ation arising  from  inertia  alone,  and  sliould  distinguish  it 
from  that  arising  from  any  other  cause :  and  moreover, 
while  it  ossiffHA'  an  ultimate  sensible  resistance  proportion- 
al {cvutcris  paribus)  to  the  simple  velocity,  it  assumes  as  a 
first  principle  that  the  pressure  j3  is  as  M:^=r'.  It  also 
gives  a  false  measure  of  the  statical  pressures;  for  these 
(ill  the  case  of  Ixulics  immersed  in  our  waters  at  lea-st)  are 
made  up  of  the  pressure  of  the  incumbent  water,  which  is 
measured  by  A,  and  the  pressure  of  the  atmosphcrci  a  con* 

it  quantity. 
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Whatever  reason  can  be  given  for  setting  out  with  tbc 
principle  that  the  pressure  on  the  little  surface  o,  morii^ 
with  the  velocity  m,  is  equal  to  J  ^  o  (m  =±=f  )*,  makcf  it  m- 
dispensably  necessary  to  take  for  the  velocity  u,  nol  thtt 
with  which  water  would  issue  from  a  hole  whose  depth  un- 
der the  surface  is  A,  but  the  velocity  with  which  it  wiUii. 
sue  from  a  hole  whose  depth  is  A  +  35  feet.  Because  (he 
pressure  of  the  atmosphere  is  equal  to  that  of  a  column  a( 
water  33  feet  high  ;  for  ihis  is  the  acknowledged  velodtj 
with  which  it  would  rush  into  the  void  left  by  the  body. 
If,  therefore,  this  velocity  (which  docs  not  exiist)  has  an^ 
share  in  the  effort,  we  must  have  forlhc  fluxion  of  pns- 


sure  not 


^j/hv 


but 


4vT+3giu 


This    would   not 


only  give  pressure  or  resistances  many  limes  exceeding 
those  that  have  been  observed  in  our  experiments,  but 
would  also  totally  change  the  proportions  which  this  theory 
determines.  It  was  at  any  rate  improper  to  embarrav  tn 
investigation,  already  very  intricate,  with  the  pressure  of 
gravity,  and  with  two  motions  of  efflux,  which  do  not  ex- 
ist, and  are  necessary  for  making  the  pressures  in  tlie  ra- 
tio of  u  -|-  v^  and  w  — r''. 

Mr  Frony  has  been  at  no  pains  to  inform  his  reada^  of 
his  reasons  for  adopting  this  theory  of  resistance,  co  ooo* 
trary  to  all  received  opinions,  and  to  the  most  distinct  o* 
periments.  Those  of  tlie  French  academy,  made  under 
greater  pressures,  gave  a  much  smaller  resistance ;  and  ik 
very  experiraenls  adduced  in  support  of  this  theory  ar«  ex- 
tremely deficient,  wanting  fully  one-third  of  what  the  tha^- 
ry  requires.  The  resistances  by  experiment  were  151  *^ 
26i,  and  the  theory  required  20^  and  39.  The  equatkni. 
however,  deduced  from  tlie  theory  is  greatly  deficient  ifl 
the  expression  of  the  pressures  caused  by  the  accumul*- 

tion  and  depression,  stating  tlie  heights  of  them  as  =  -r^ 
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They  con  never  be  so  high,  because  the  hcaped-up  water 

flows  off  at  die  sides,  and  it  also  comes  in  behind  by  tlie 

ao  that  the  pressure  is  much  less  than  half  the 

;ht  of  a  column  whose  height  is  -3-  ;  botli  because  the 

accumulation  and  depression  arc  less  at  the  sides  than  in 
the  middle,  and  because^  when  the  body  is  wholly  immers- 
edj  the  accumulation  is  greatly  diminished.  Indeed,  in  this 
case,  the  final  equation  does  not  include  their  effcctA,  thougli 

real  in  this  case  as  when  part  of  the  body  is  above  water. 

Upon  the  whole,  we  are  somewhat  surprised  tliat  an  au- 
thor of  D'Ulloa's  eminence  should  have  adopted  a  theory 
so  unnecessarily  and  so  improperly  embarrassed  with  fo- 
reign circumstances,  and  that  Mr  Prony  should  have  in- 
serted it  ^vith  the  explanation  by  which  he  was  to  abide,  in 
a  work  destined  for  practical  use.* 

This  point,  or  the  efiect  of  deep  immersion,  is  still  much 
tested ;  and  it  is  a  received  opinion,  by  many  not  accus- 
ed to  mathematical  researches,  that  the  resistance  is 
greater  in  greater  depths.  This  is  assumed  as  an  import- 
ant principle  by  Mr  Gordon,  author  of  a  Theory  of  Naval 
ArchiUcture  ;  but  on  very  vague  and  slight  grounds  :  and 

Ethe  autiior  seems  unacquainted  with  the  manner  of  reason- 
■jgon  such  subjects.  It  shall  be  considered  afterwards. 
With  these  corrections  it  may  be  asserted  that  theory 
and  experiment  agree  very  well  in  this  respect,  and  that 
re^stance  may  be  asserted  to  be  in  the  duplicate  ratio  of 
k  velocity. 
^  We  have  been  more  minute  on  this  subject,  because  it  is 
the  leading  proposition  in  the  theory  of  the  action  of  fluids. 
Newton  8  demonstration  of  it  takes  no  notice  of  the  manner 
in  which  the  various  particles  of  the  fluid  are  put  in  mo- 


tion, or  the  motion  which  each  in  particular  acquires.    He 


*  An  eXAUiifution  of  Or  Robison's  objections  to 
by  Mr  Waits,  will  be  fooud  in  tlie  Edinhirgh  Phi 
vdL  IV.  p,  315.— Ki., 

vol..  IK  V 


^Pm( 


i^^^n 
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only  shews,  that  if  tliere  be  nothing  concerned  in  the 
munlcation  but  pure  inertia,  the  sum-total  of  the  motiooi 
of  the  particles,  estimated  in  the  direction  of  the  bodies  m/^ 
tion,  or  that  of  the  stream,  will  be  in  the  duplicate  raUo  of 
the  velocity.  It  was  therefore  of  importance  to  show  that 
this  part  of  the  theory  was  just.  To  do  this,  we  had  to 
consider  the  e£Pect  of  every  circumstance  which  could  fas 
combined  with  the  inertia  of  the  fluid.  All  these  had  been 
foreseen  by  that  great  man,  and  are  most  bnefiy,  though 
pwspicuously,  mentioned  in  the  last  scholium  to  prop.  8& 
B.  II. 

2.  It  appears,  from  a  compaiison  of  all  the  expetimcBl% 
that  the  impulses  and  resistances  are  very  nearly  in  tfac 
proportion  of  the  suriaces.  They  appear,  however,  loiB- 
crease  somewhat  faster  than  the  surfaces.  The  Chevdict 
Borda  found  that  the  resistance,  with  the  same  vdodtft  to 
a  surface  of 
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104,737  J 

The  deviation  in  these  experiments  from  the  theory  in- 
creases with  the  surface,  and  is  probably  much  greater  in 
the  extensive  surfaces  of  the  sails  of  ships  and  wind-milhi 
and  the  hulls  of  ships. 

3.  The  resistances  do  by  no  means  vary  in  the  duplicate 
ratio  of  the  sines  of  the  angles  of  incidence. 

As  this  is  the  most  interesting  drcumstance,  having  a 
chief  influence  on  all  the  particular  modifications  of  the  re- 
sistance of  fluids  ;  and  as  on  this  depends  the  whole  theoiy 
of  the  construction  and  working  of  ships,  and  the  action  of 
water  on  our  most  important  machines,  and  seems  most  im- 
mediately connected  with  the  mechanism  of  fluids,  it  merits 
a  very  particular  consideration.  We  cannot  do  a  greater 
service  than  by  rendering  more  generally  known  the  excel- 
lent experiments  of  the  French  academy. 

Fifteen  boxes  or  vessels  were  constructed,  which  were 
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ffeet  wide,  two  feet  deep,  and  four  feel  long.  One 
heni  WU6  A  parallelopiped  of  these  dimensions ;  th^ 
had  prows  of  a  wedge-form,  tJie  angle  ACB  (Plate 
Fig.  7  and  8.)  varying  by  12  degrees  from  12"  to  180"; 
at  the  angle  of  incidence  increased  by  (P  from  one  to 
ler.  These  boxes  were  dragged  across  a  very  large 
of  smooth  water  (in  which  they  were  immersed  two 
by  means  of  a  Wno  passing  over  a  wheel  connected 
a  cylinder,  from  which  the  actuating  weight  was  su&- 
ed.  The  motion  became  perfectly  uniform  after  a  very 
!  way ;  and  the  time  of  passing  over  9^  French  feet 
this  uniform  motion  was  very  carefully  noted.  The 
distance  was  niea^'^ured  by  the  weight  employed,  after  dc- 
■ing  •  certain  quantity  (properly  estimated)  for  fnction, 
Bfor  the  accumulation  of  the  water  against  ihc  anterior 
ISlce.  The  results  of  the  many  experiments  are  given  in 
e  following  table;  where  column  Ist  contams  the  angle  of 
'ow,  column  2d  contains  the  resistance  as  given  by  the 
ling  theory,  column  3d  contains  the  resistance  exhi- 
in  the  experiments,  and  column  4th  coutaios  the  de^ 
[1  of  the  experiment  from  the  theory. 
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The  reastancc  to  1  aquarc  foot,  French  meosure,  tnotmjj 
with  the  velocity  of  ;?,56  feet  per  second,  was  very  neorij 
7,625  pounds  French. 

Reducing  these  to  English  measures,  we  have  the  sur- 
face :=  1,1363  feet,  the  velocity  of  the  motion  equal  to 
^7968  feet  per  second,  and  the  resistance  equal  to  8,JS4 
pounds  avoirdupois.  The  weight  of  a  column  of  fresh  wa- 
ter  of  tliis  base,  and  having  for  its  height  the  fall  necesatry 
for  comminiicating  this  velocity,  is  8,264  pounds  avoirdu- 
pois. Tile  resistances  to  other  velocities  were  accuratdy 
proportional  to  the  squares  of  the  velocities. 

There  is  great  diveraaty  in  the  value  which  dilfercnt  «• 
thors  have  deduced  for  the  absolute  resistance  of  watn 
from  their  experiments.  In  the  value  now  given  nothing 
is  taken  into  account  but  the  inertia  of  the  water.  Tbe 
accumulation  against  the  forepart  of  the  box  was  csrefoIK 
noted,  and  the  statical  pressure  backwards,  arising  fvDm 
this  cause,  was  subtracted  from  the  whole  resistance  to  tbe 
drag.  There  had  not  been  a  sufficient  variety  of  e%ptr>- 
incnts  for  discovering  the  share  which  tenacity  and  friction 
produced  ;  so  that  the  number  of  pounds  set  down  hen* 
may  be  considered  as  somewhat  superior  to  the  mere  eflects 
of  the  inertia  of  ilie  water.  We  think,  upon  the  whok*, 
that  it  is  the  most  accurate  determination  yet  given  of  \ht 
resistance  to  a  body  in  motion  ;  but  we  shall  afterwords  see 
reason  for  believing,  that  the  impulse  of  a  running  strrfln 
having  the  same  velocity  is  somewhat  greater ;  and  thiv 
is  the  form  in  which  most  of  tlie  experiments  have  bcffl 
made. 

Also  observe,  that  the  resistance  here  given  is  iiiai  loa 
vessel  two  feel  broad  and  deep,  and  four  feel  I'^ng.  Tht 
resistance  to  a  plane  of  two  feet  broad  and  deep  would  prt- 
bubly  have  exceeded  tliis  in  the  proportion  of  15,9i  W 
1 4,54,  for  reasons  we  shall  see  afterwards. 

From  the  experiments  of  Buat,  it  appears  tliat  a  body  of 
one  foot  squai-e,  French  measure,  and  two  feel  long,  fiavim? 
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15  indiea  under  water,  moving  three  Frcndi  feet 
per  second,  sustained  a  pressure  of  14,54  French  pounds, 
or  15,63  English.  Thia  reduced  in  the  proportion  of  3' 
to  2,6Gr  gives  1 1 ,43  pounds,  considerably  exceeding  the 
8,24, 

Bougucr,  in  his  Manoeuvre  des  VaisseatiXj  says,  that  he 
found  ihe  resi5tancc  of  sea-water  to  a  velocity  of  one  foot 
to  be  23  ounces  jnndjt  tics  Marc. 

Borda  found  the  resistance  uf  sea-water  to  tlic  face  of  a 
cubic  foot,  moving  against  the  water  one  foot  per  second, 
to  be  21  ounces  nearly.  But  this  experiment  is  complicat- 
ed :  tile  wave  was  not  deducted  ;  and  it  was  not  a  plane, 
but  a  cube. 

D^Ulioa  found  the  impulse  of  a  stream  of  sea-water,  run- 
mng  two  feet  per  second  on  a  foot  square,  to  be  15^  pouuds 
£ngliah  measure.  This  greatly  exceeds  all  the  values  given 
by  others. 

From  these  experiments  wc  learn,  in  the  first  place,  that 
tiie  direct  resistance  to  a  motion  of  a  plane  surface  through 
water,  is  very  nearly  equal  to  the  weight  of  a  column  of 
Hkr  having  that  surface  for  its  base,  and  for  its  height 
tne  fall  poducing  the  velocity  of  the  motion.  This  is  but 
Bge  half  of  the  reliance  determined  by  the  preceding 
^PoBf-  It  i^grecs,  however,  very  well  with  the  best  ex- 
pHBDcnta  made  by  other  philosophers  on  bodies  totally 
UBlUMSsed  or  surrounded  by  the  Huid ;  and  sufficiently 
abews,  that  there  must  be  some  fallacy  in  the  principles  or 

tKming  by  whicli  this  result  of  the  theory  is  supposed  lo 
deduced.  We  shall  have  occaaon  to  return  to  this 
in. 

But  wc  see  that  the  effects  of  the  obUquity  of  incidence 
deviaie  etx>rmously  from  the  theory,  and  that  this  deviation 
ncrettBea  rapidly  as  the  acutcness  of  the  prow  increases.  In 
the  prow  of  60**  the  deviation  is  nearly  etjual  to  the  whole 
resiitAiice  pointed  out  by  the  theory,  and  in  tlic  prow  of 
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W  it  is  nearly  40  times  greater  than  tbs  theoretiea)  mmt 
ance. 

The  re«isunce  of  the  prow  of  90*^  should  be  one-half  the 
reitistance  of  the  base.  We  havt'  not  such  a  prow ;  but  tfai 
medium  between  the  resistance  of  the  prow  of  9C  and 
is  5700,  instead  of  500. 

These  experimenia  are  very  conform  to  those  of  olbct 
authors  on  plane  surfaces.  Koblns  found  the  resistance  of 
the  air  to  a  pyramid  of  45*^,  with  its  apex  foremoaty  was  to 
that  of  its  base  as  1000  to  1411,  instead  of  one  totva 
Borda  found  the  resistance  of  a  cube,  moving  in  water  in 
the  direction  of  the  side,  was  to  the  obhque  resistanoOt 
when  it  was  moved  in  the  direction  of  the  diagonal,  in  the 
proportion  of  5^  to  7 ;  whereas  it  should  have  been  thai 
of  \/  !£  to  1,  or  of  10  to  7  neai'ly.  He  also  found,  thai  ft 
wedge  whose  angle  was  90^^,  moving  in  air,  gave  for  the  pKK 
portion  of  the  resistances  of  the  edge  and  base  7281 :  IOOCH)| 
instead  of  5000 :  10000.  Also  when  the  angle  of  l)ie  wedge 
was  60",  the  resistances  of  the  edge  and  base  were  &2  and 
100,  instead  of  25  and  100. 

In  short,  in  all  the  cases  of  oblique  plane  surfaces,  tfaf 
resistances  were  greater  than  those  which  are  aseigned 
the  theory.  The  theoretical  law  agrees  tolerably  witll 
servation  in  large  angles  of  incidence,  that  is^  in  iocidcocet 
not  differing  very  far  fVom  the  perpendicular;  but  in  more 
acute  prows  the  resistances  are  more  nearly  proportional 
to  the  sines  of  incidence  than  to  their  squares. 

The  academicians  deduced  from  these  experiments  an 
expression  of  the  general  value  of  the  resistance,  which  co«w 
responds  tolerably  well  wiih  observation.  Thus  let  jt  be 
the  complement  of  the  half  angle  of  the  prow,  and  let  F 
be  the  direct  pressure  or  resistance,  with  an  inekiencc  of 
90^,  and  p  tlie  eifective  oblique  pressure :  then  p  s^  V  X 

(x°  \  3  25  _> 

j7^  1  '  This  gives  for  a  pnaw  of 

12^  an  error  in  defect  about  ^  ip,  and  in  larger  angles  it  is 
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much  nearer  the  iruth ;  and  this  Is  exact  enough  for  any 
practice. 

This  is  an  abundantly  simple  formula :  but  if  wc  intro« 
duce  it  in  our  calculations  of  the  resistances  of  curviltneal 
prows,  it  renders  them  so  complicated  as  to  be  almost  use* 
kj0 ;  and  what  is  worse,  when  the  calculation  is  completed 
for  a  curvilineal  prow,  the  resistance  which  results  is  found 
lo  dilfer  widely  from  experiment.  This  shows,  tliat  the 
motion  of  the  fluid  is  so  modified  by  the  action  of  the  most 
prominent  part  of  the  prow,  that  its  impulse  on  wliat  suc- 
ceeds is  greatly  affected,  so  that  we  are  not  allowed  lo  con- 
sider tho  prow  as  conjposcd  of  a  number  of  parts,  each  of 
which  is  oifectcd  an  if  it  were  detached  from  all  the  rest. 

As  the  very  nature  of  naval  architecture  seems  to  require 
corvllineat  forms,  in  order  to  give  the  necessary  strength, 
it  •eeraed  of  importance  to  examine  more  particularly  the 
deriations  of  the  resistances  of  such  prows  (com  the  ro- 
Mitttices  assigned  by  the  theory.  The  academicians,  there- 
fore, made  vessels  with  prows  of  a  cylindrical  shape;  one 
of  these  was  a  half  cylinder,  and  the  other  was  one-third  of 
a  cjhndcr,  both  having  the  same  breadth,  vie.  two  feet,  the 
same  depth,  also  two  feet,  and  the  same  length,  four  feet. 
Tb»  rcfflstancc  of  the  half  cylinder  was  to  llie  resistance  of 
the  peq>endicular  prow  in  the  proportion  of  13  to  2.5,  in- 
stottd  of  being  as  13  to  19,5.  Borda  found  nearly  the  same 
ratio  of  the  resistances  of  the  half  cylinder,  and  its  diamc- 
tricai  plane  when  moved  in  air.  He  also  compared  tlie  re- 
Bstances  of  two  prisms  or  wedges,  of  the  same  breadth  and 
Ixaght.  The  first  had  its  sides  plane,  inclined  to  the  base 
m  angles  of  00^ ;  the  second  had  its  sides  portions  of  cy« 
linders,  of  which  the  planes  were  the  chords,  that  is,  their 
^Hkbons  were  arches  o(  circles  of  60^.  Their  resistances 
^rare  as  1^3  to  100,  instead  of  being  as  133  to  ^20^  as  re- 
quired by  tlie  theory  ;  and  as  the  resistance  of  the  first  was 
grwter  in  jiroportion  to  tliat  of  the  base  than  the  theory 
«lbw»y  tiie  resistance  of  the  lost  was  less. 
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Mr  Robins  found  the  rcBistanccof  a  sphcrctnovlng  ia 
be  to  the  resistance  uf  lis  great  circle  as  1  (u  "2.21 ;  w 
theory  requires  them  to  be  as  1  to  S.  He  found,  at  the 
same  time,  that  the  absolute  resistance  wa«  greater  than  the 
weight  of  a  cylinder  of  air  of  the  same  diameter,  and  baring 
the  height  necessary  for  acquiring  the  velocity.  It  wv 
greater  in  the  proportion  of  49  to  40  nearly. 

Borda  found  the  resistance  of  the  sphere  moving  in 
to  be  to  that  of  its  great  circle  as  1000  to  3508,  and  it  was 
one-ninth  greater  than  the  weight  of  the  column  of  watir 
whoee  height  was  that  necessary  for  producing  the  velodly. 
He  also  found  the  resistance  of  air  to  the  sphere  was  to  'Hs 
resistance  to  its  great  circle  ftM  1  to  2.45. 

It  appears,  on  tlie  whole,  that  the  theory  givea  tin  r&> 
ostance  of  oblique  plane  surfaces  too  small,  and  thai  of 
curved  surfaces  too  great ;  and  that  it  is  quite  unfil  for  as- 
certaining the  modificadons  of  resistance  arising  from  the 
figure  of  the  body.  The  most  prominent  port  of  the  prow 
changes  the  action  of  the  fluid  on  the  succeeding  parts, 
rendering  it  totally  different  from  what  it  would  be  wfre 
that  part  detached  from  Uie  rest,  and  exposed  to  the  strem 
with  tlie  same  obliquity.  It  is  of  no  con 
fore,  to  deduce  any  tbnnula  from  the  valu;i  ; 

of  the  French  academy.  The  experimcnta  themselves  ait 
of  great  importance,  because  they  give  us  tlie  impulses  on 
plane  surfaces  witli  every  obliquity.  They  tlierefore  put  it 
in  our  power  to  select  the  most  proper  obliquity  in  a  thou- 
sand important  cases.  By  ap[)ealing  to  tliem,  wu  can  tell 
what  is  the  proper  angle  of  the  sail  for  producing  the 
greatest  impulse  in  the  direction  of  the  ship's  course ;  or 
the  best  inclination  of  the  sail  of  a  wind-mill,  or  tbe  heA 
inclination  of  Uie  float  of  a  water-wheel,  &c.  &c.  Tfane 
deductions  will  lie  made  in  their  proper  places  in  the  ooime 
of  tliis  work.  We  see  als4.»,  that  the  deviation  from  the 
simple  theory  is  not  very  considerable  till  Uie  obliquily  tf 
great ;  and  that,  in  the  inclinations  which  other  circuflK 
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stances  would  induce  us  to  give  to  tbe  floats  of  water-wheels, 
the  snils  of  wmd-mtH&,  and  the  like,  the  results  of  the 
theory  are  sufficiently  Agreeable  to  experimeni,  for  lender- 
ii^  tlos  theory  of  very  great  use  in  the  construction  of 
Its  grcAt  defect  is  in  the  impulsions  on  curved 
which  puts  a  stop  to  our  improvement  of  tbe 
«denoe  of  naval  architecture,  and  the  working  of  ships. 

But  it  is  not  enouo:h  to  detect  the  faults  of  the  theory  . 
we  should  try  to  amend  it,  or  to  substitute  another.  It  b 
a  pity  that  so  much  ingenuity  should  have  been  thrown 
away  in  the  application  of  a  tlieory  so  defective.  Mathe- 
maticians were  seduced,  as  has  been  already  observedltf  by 
the  opportunity  which  it  gave  for  exercising  their  coIcuHm, 
which  was  a  new  tiling  at  the  time  of  publishing  this  theo- 
ry. Newton  saw  clearly  the  defects  of  it,  and  makea  no 
use  of  any  part  of  it  in  his  subsequent  discussions,  and 
plainly  has  used  it  merely  as  an  introduction,  in  order  to 
give  some  general  notions  in  a  subject  quite  new,  and  to 
gire  a  demonstration  of  one  leading  truth,  viz.  the  pru[)ar- 
tionality  of  the  impulsions  to  the  squares  of  the  velocities, 
we  profess  the  highest  respect  for  the  talents  and  la- 
rs  of  tbe  great  mathematicians  who  have  followed  New- 
ton in  this  most  difficult  research,  we  cannot  help  being 
•orry  that  some  of  the  greatest  of  them  continued  to  at- 
tach themselves  to  a  theory  which  he  neglected,  merely 
because  it  afibrded  an  opportunity  of  displaying  their  pro- 
found knowledge  of  the  new  calculus,  of  which  they  were 
willing  to  ascribe  the  discovery  to  Letbnitjs.  It  has  been 
io  a  great  measure  owing  to  this,  that  we  have  been  so 
late  in  discovering  our  ignorance  of  the  subject.  Newton 
had  himself  pointed  out  all  the  defects  of  this  theory ;  and 
he  set  himself  to  work  to  discover  another  which  should  be 
more  conformable  to  the  nature  of  things,  retaining  only 
auch  deductions  from  the  other  as  his  great  sagacity  assur- 
ed him  would  stand  the  test  of  experiment  Even  in  this 
he  seems  to  have  been  mistaken  by  his  followers.     lie  re- 
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UuD«d  the  proportionality  of  tho  reustoDoe  to  the  aqoMK  of 
the  Telocity.     This  tliey  have  endeavoured  to  demooitnrtt 
in  a  manner  conformable  to  Newton^s  determination  of  the 
oblique  impulses  of  fluids;  and  under  the  cover  of  the 
agreement  of  this  proposition  with  experiment,  tliey 
duced  into  mechanics  a  mode  of  expression,  and 
conception,  which  is  inconsistent  with  all  accurate 
on  these  Hubjects.    Newton's  proposition  was,  that  the 
tions  communicated  to  the  Buid,  and  therefore  the  mc 
lost  by  the  body,  in  equal  times,  were  as  the  squares  of  tht 
velocities ;  and  he  conceived  tliesc  an  proper  measuretj 
the  rehistances.     It  is  a  matter  of  experience,   that 
forces  or  pressures  by  which  a  body  must  be  supported  ia 
opposition  to  the  impulses  of  fluid:},  are  in  this  y*iry  pro- 
portaon.     In  determining  the  proportion  of  the  diirct  and 
oblique  resistances  of  plane  surfaces,  he  couiUdcrs  the  re- 
sistances to  arise  from  mutual  collisions  oi  the  surface  and 
fluid,  repeated  at  intervals  of  time  loo  small  to  be 
ed.     But,  in  making  this  comparison,  he  has  no 
whatever  to  consider  this  repetition;  and  when  he 
the  proportion  between  the  resistance  of  a  cone  and  of  its 
base,  he,  in  fact,  assigns  the  proportion  between  two  A* 
muliaiuous  and  instantaneous  impulses.     But  the  mathe- 
maticians who  followed  him  have  considered  ihi«  repetition 
as  equivalent  to  an  augmentation  of  the  initial  or  tirst  ii 
pulse;   and  in   this  way  have  attempted  to  demuustn 
that  tlie  resistances  are  as  the  squares  of  the  velocities. 
When  tJie  velocity  is  double,  each  impulse  is  double,  and 
the  number  in  a  given  time  is  double ;  therefore,  say 
the  resistance,  and  the  force  which  will  with&taiul  it,  is  qi 
druple ;    and  observation  confirms  their  deduction :  yd 
nothing  is  more  gratuitous  and  illogical.     It  is  very  U\x$% 
that  the  rcbihtance,  conceived  as  Newton  conceives  it,  the 
loss  of  motion  susioined  by  a  body  moving  in  the  fluid,  n 
quadruple;  but  the  instantaneous  impulse,  aiul  Use  forca 
which  can  withstand  it,  is,  by  all  the  laws  of  mi 
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only  double.  What  ift  the  force  which  can  withstand  a 
double  impulse  ?  Nothing  but  a  double  impulse.  Nothing 
but  impulse  can  be  opposed  to  impulse ;  and  it  is  a  gross 
nuMJonception  to  think  of  stating  any  kind  of  comparison 
between  impulse  and  pressure.  It  is  this  which  has  given 
riie  to  much  jargon  and  foJse  reasoning  about  the  force 
of  percussion.  This  is  stated  as  infinitely  greater  than 
any  pressure,  and  as  equivalent  to  a  pressure  infinitely  re* 
peated.  It  forced  the  abettors  of  these  doctrines  at  lost  to 
deny  the  existence  of  all  pressures  whatever,  and  to  assert^ 
that  all  motion,  and  tendency  to  motion,  was  the  result  of 
impulse. 

in  consequence  of  the  many  objections  to  the  compaii- 
ton  of  pure  pressure  with  pure  percussinn  or  impulse)  John 
BcrnouUi  and  others  were  obliged  at  last  to  assert,  that 
there  were  no  perfectly  hard  bodies  in  nature,  nor  could 
be^  but  that  all  bodies  were  elastic;  and  that  in  the  com- 
munication of  motion  by  percussion,  the  velocities  of  both 
bodies  were  g^raduaUy  changed  by  their  mutual  elasticity 
Uteing  duiing  the  iinite  but  imperceptible  time  of  the  eolli- 
son.  This  was,  in  fact,  giving  up  the  whole  argument, 
and  banishing  percussion,  while  their  aim  was  to  get  rid 
of  pressure.  For  what  is  elasticity  but  a  pressure  ?  and 
bow  shall  tl  be  produced  ?  To  act  in  this  instance,  mubt  it 
arise  from  a  still  smaller  impulse  ?  But  this  will  require 
another  elasticity,  and  so  on  without  end. 

These  are  all  legitimate  consequences  of  this  attempt  to 
state  a  comparison  between  percussion  and  pressure.  Num- 
berlesa  experiments  have  been  made  to  confirm  the  state- 
ment. But  nothing  alFords  so  specious  an  argument  as 
the  experimented  proportionality  of  the  impulse  of  fluids 
to  the  jiquare  of  the  velocity.  Here  is  every  appearance 
of  tlie  accumulation  of  an  infinity  of  minute  impulses  in 
the  known  ratio  of  the  velocity,  each  to  each,  producing 
prcs»ure»  which  arc  in  the  ratio  of  the  Hjuares  of  the  velo- 
citJeSi 
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The  pressures  are  observed  ;  but  the  mipubes  or  pfli- 
cussioDS,  whose  accumulation  produces  tliese  preasurei^  ait 
only  supposed.  The  rare  fluid,  introduced  by  Nevrtoo  far 
the  purpose  already  mentioned,  cither  does  not  cxut  in  luk 
ture,  or  doe^  Dot  act  in  the  manner  we  have  said,  the  pir« 
ticks  making  their  impulse,  and  then  escaping  tlunugh 
among  the  rest  without  affecting  their  motion.  We  gbs- 
not  indeed  say  what  may  be  the  proportion  between  the 
diameter  and  the  distance  of  the  particles.  The  first  may 
be  Incomparably  smaller  than  the  second,  ercn  in  mercttxy. 
the  densest  fluid  which  we  are  familiarly  acquainted  with; 
but  although  they  do  not  touch  each  other,  they  act  near- 
ly B8  if  they  did,  in  consequence  of  their  mutual  attnc- 
tions  and  repulsions.  We  have  seen  air  a  thousand  tinio 
rarer  in  some  experiments  than  in  others^  and  therefore  the 
distance  of  the  particles  at  least  ten  limes  greater  titan  ihcsir 
diameters;  and  yet,  in  this  rare  state,  it  propagaiee  ■)) 
pressures  or  impulses  made  on  any  part  of  it  to  n  grdU 
distance,  almost  in  an  instant.  It  cannot  be,  Utereforc,  tbiC 
fluids  act  on  bodies  by  impulse.  It  is  very  posablc  to  coo- 
ceivc  a  fluid  advancing  with  a  flat  surface  against  the  flat 
surface  of  a  solid.  The  very  first  and  superficial  ])article» 
may  make  an  unpulsc ;  and  if  they  were  annihihited,  tht 
next  might  do  the  same :  and  if  the  velocity  were  double, 
these  impulses  would  be  double,  and  woidd  be  withstood 
by  a  double  force,  and  not  a  quadruple,  as  is  observed  t 
and  this  very  drcumstancc,  that  a  quadruple  force  b  neo»- 
sary,  should  have  made  us  conclude  that  it  was  not  to  im- 
pulse that  this  force  wa-s  opposed.  The  first  particles  bar- 
ing made  their  stroke,  and  not  being  annihilated,  miiM 
escape  laterally.  In  their  escaping,  they  eflcctuolly  pre- 
vent every  fartliur  impulse,  because  they  come  in  iJie  way 
of  those  filaments  which  would  have  struck  the  body.  The 
whole  process  seems  to  be  somewhat  as  follows : 

When  the  flat  surface  of  the  fluid  has  come  into  contact 
with  the  plane  surface  AB  (I'lalc  IX.  Fig.  (i)  pcrpcndi- 
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cliUr  to  the  direction  DC  of  their  motion,  they  must  de- 
fleet  to  both  sides  equally,  and  in  equal  portions,  because 
no  reason  can  be  assigned  why  more  should  go  to  either 
adc.  By  this  means  the  filament  EF,  which  would  have 
struck  llie  surface  in  G,  is  deflected  hefort  it  arrives  at  the 
surface,  and  describes  a  curved  path  EFIHK,  continuing  its 
rectilineal  motion  to  t,  where  it  is  intercepted  by  a  filament 
immediately  adjoining  to  EF,  on  the  side  of  the  middle 
filament  DC.  The  different  particles  of  DC  may  be  sup- 
posed to  impinge  in  succession  at  C,  and  to  be  deflected  at 
right  angles;  and,  gliding  along  CB,  to  escape  ai  B. 
Each  ^lament  in  fiuccession,  outwards  from  DC,  is  deflect. 
ed  in  its  turn ;  and  being  hindered  from  even  touching  the 
surface  CB,  it  glides  off  in  a  direction  parallel  to  it ;  and 
thus  EF  is  deflected  in  I,  moves  parallel  to  CB  from  I  lo 
H,  and  is  again  deflected  at  right  angles,  and  describes 
UK  parallel  to  DC.  The  same  thing  may  be  supposed  to 
happen  on  the  other  side  of  DC. 

And  thus  it  would  appear,  that  except  two  filaments  im- 
mediately adjoining  lo  the  line  DC,  which  besects  the  sur- 
face at  right  angles,  no  itari  of  the  fluid  makes  any  im- 
pulse on  the  surface  AB.  All  the  other  filaments  are  mere- 
ly pressed  against  it  by  the  lateral  filaments  without  them, 
which  they  turn  aside,  and  prevent  from  striking  the  sur- 
face. 

In  like  manner,  when  the  fluid  strikes  the  edge  of  a 
prism  or  wedge  ACB  (Plate  IX.  Fig.  7.)  it  cannot  be  said 
that  any  real  impulse  is  made.  Nothing  hinders  us  from 
suppuMOg  C  a  mathematical  angle  or  indivisible  point,  not 
susceptible  of  any  impulse,  aud  serving  merely  to  divide  the 
stream.  Each  filament  EF  is  effectually  prevented  from 
impinging  at  G  in  the  line  of  its  direction,  and  with  the  ob- 

uily  of  incidence  EGC,  by  the  filaments  between  EF 
DC,  which  glide  aloT)g  the  surface  CA  ;  and  it  may 
be  supposed  to  be  deflected  when  it  comes  to  the  line  CF 
which  bcsocts  the  angle  DCA,  and  again  deflected  and  ren- 
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derod  parallel  to  DC  at  I.  The  same  thing  hapfjens  on 
the  other  side  of  DC ;  and  wc  cannot  in  this  case  nmai 
titut  lliere  is  any  impulHe. 

We  now  sec  plninly  how  the  ordinary  theory  murt  be 
lotaiiy  unlit  Tor  furnishing  principles  uf  naval  architectiMv 
even  although  a  formula  could  be  deduced  from  sucfaaai- 
ties  of  experinicnts  as  those  of  the  French  acsdemy.  Al- 
though we  should  know  precisely  the  impulBC  of  the  ioid 
ooasurfuce  GL  (Fig.  8.)  of  any  obliquity,  whcsi  stbalooe, 
detached  from  all  others  we  cannot  in  the  smailett  dc^;rer 
tell  whni  will  be  the  action  of  part  of  a  stream  of  fluid  id* 
▼ancing  towards  it,  with  the  same  obliquity^  when  it  is  prf> 
ceded  by  an  adjoining  surface  CG,  hnving  a  diflerent  in- 
clination; for  the  fluid  will  not  glide  along  GL  in  the  nme 
manner  as  if  it  made  part  of  a  more  extendi-  •  -^nw  hav- 
ing tlie  same  inchnation.  The  previous  ilt  .  .  are  ei» 
tremely  different  in  these  two  cases  ;  and  the  previous  de- 
flections are  the  only  changes  which  wc  con  oh  \he 
motions  of  tl»e  fluid,  and  the  only  caui*es  of  iUi.  ,...,. ure 
whicli  we  observe  the  lx)dy  to  sustain,  and  which  we  all 
the  impulse  on  it.  This  theory  must,  therefore,  be  quite 
unfit  for  ascertaining  the  action  on  a  cur\'ed  surface*  whicl> 
may  be  considered  as  mode  up  of  an  indeiiuite  numbar  ti 
planes. 

We  now  see  how  it  happens  that  the  action  of  fluids  on 
solid  bodies  may  and  must  be  opposed  by  pressures  ond 
may  be  compared  with,  and  measured  by,  the  pressure  of 
gravity.  We  arc  not  comparing  forces  of  driFerenl  kinds, 
percussions  with  pressures,  but  pressures  with  each  other. 
Let  ufi  see  whether  this  view  of  the  subject  will  afford 
any  method  of  comparison  or  absolute  measurement. 

When  a  filament  of  Huid,  that  is,  a  row  of  ooi 
are  turned  out  of  their  ctiursc  EF  (Fig.  0.)  and  made  to 
Uke  another  course  IH,  force  is  required  to  produce  tUs 
change  of  direction.  The  filament  is  prevented  from  pio- 
ceeding  by  other  fllanients  whicli  he  Letwcen  it  ind  th^ 
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body,  and  which  deflected  it  in  the  &amo  manner  as  it  were 
contained  in  a  bended  tube,  and  it  wilt  press  on  the  con- 
cave filament  next  to  it  as  it  would  press  on  the  concave 
aide  of  the  tube.  Suppose  such  a  bendecl  tube  ABE  (Fig. 
9.)  and  that  a  boll  A  is  projected  along  it  with  any  velo- 
city, juid  moves  in  it  without  any  friction,  it  is  demonstrat- 
ed, in  elementary  mechanics,  that  the  ball  will  move  with 
nndiminislied  velocity,  and  will  pres»  on  every  point,  such 
■a  B,  of  the  concave  side  of  the  tube,  in  a  direction  BP 
perpendicular  to  the  plane  CBD,  which  touches  the  tube 
in  the  point  B.  This  pressure  on  the  adjoining  filament. 
on  the  concave  side  of  its  path,  must  be  withstood  by  that 
filament  which  deflects  it;  and  it  must  be  propagftted 
acRMS  that  filament  to  the  next,  and  thus  augment  the 
pratsnre  upon  that  next  iilament  already  pressed  by  the 
deflection  of  the  intermediate  filament,  and  thus  th(^re  is  a 
pccMure  towards  the  middle  filament,  and  towards  the  body, 
arising  from  the  deflection  of  all  the  outer  filaments;  and 
that  accumulated  sum  must  be  conceived  as  immediately 
merted  on  the  middle  filaments  and  on  the  body,  because 
ft  perfect  fluid  transmits  every  pressure  undiminished. 

The  pressure  BF  is  equivalent  to  the  two  BH,  BG,  one 
of  vhich  is  perpendicular  and  the  other  parallel,  to  the  di- 
radiaa  of  the  original  motion.  By  the  first,  (taken  in  any 
point  of  tl)e  curvilineal  motion  of  any  filament)  the  two 
halves  of  the  stream  are  pressed  together  :  and  in  the  case 
of  Fig  6.  and  7.,  exactly  balance  each  other.  But  the 
praaaurcsy  such  as  BG,  must  be  ultimately  withstood  by  the 
sur&ce  ACB  ;  and  it  is  by  these  accumulated  pressures 
that  the  solid  body  is  urged  down  the  stream  :  and  it  is 
these  accumulated  pressures  which  we  observe  and  mea- 
sure in  our  experiments.  We  shall  anticipate  a  little,  and 
say  that  it  is  most  easily  demonstrated,  that  when  a  ball 
A  (Fig.  9.)  muves  with  undiminished  velocity  in  a  tube  so 
incunroted  that  its  axis  at  £  is  at  right  angles  to  its  axis 
at  A,  the  aecumulated  action  of  the  pressuresi  such  as 
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DG,  taken  for  every  point  of  tlie  path,  is  precuely  equal  10 
Uie  force  which  would  produce  or  extinguish  the  original 
motion. 

This  being  the  case,  it  follows  most  ol)vionslj,  Uiat  if 
tile  two  uiotions  of  the  filaments  are  sucit  as  we  have  de» 
sciibed  and  represented  by  Fig.  6.,  the  whole  preontre  ia 
llie  difecUon  of  the  stream,  tliai  is,  the  whole  pressure  whidi 
can  l>e  observed  on  the  surface,  is  equal  to  the  weight  of 
a  column  of  fluid  having  the  surface  for  its  base,  and  twice 
t])e  fail  productive  of  the  velocity  for  its  betghtf  pttaaAj 
as  Newton  deduced  it  from  other  consideratkxm ;  ADd  it 
eeems  to  moke  no  udds  wliuilier  the  Huid  be  elaotie  or  ttB» 
lastic,  if  the  deflections  and  velocities  are  the  same.  )!■# 
it  is  a  fact,  that  no  difference  in  thib  respect  con  be  obaerr- 
ed  in  Uic  actions  of  air  and  water ;  and  this  had  always  ap> 
peared  a  great  defect  in  Newton's  theory  ;  but  it  was  oolj 
a  defect  of  the  theory  attributed  to  turn.  But  it  i«  aUo 
true,  that  the  observed  action  is  but  one-half  of  what  Ujiuft 
now  deduced  from  this  improved  view  of  the  anbjcct 
Whence  arises  this  difference  P  The  reason  Ia  thu :  We 
liavc  given  a  very  erroneous  account  of  the  motions  oftlie 
filaments.  A  filament  EF  does  not  move  as  represented  in 
Fig.  6.  with  two  rectangular  inflections  at  I  and  at  H,  and 
a  path  I H  between  them  parallel  to  CB.  Tisc  pfocese  ef 
nature  is  more  Ukc  what  is  represented  in  Fig.  10.  It  w 
observed,  tliat  at  the  anterior  part  of  the  body  AB,  theft 
remains  a  quantity  of  fluid  ADB,  almost,  if  not  aitc^otbcr. 
stagnant,  of  a  singular  shape,  having  two  curved  concave 
sides  A  a  D,  B  6  D,  along  which  the  middle  filaments  gliife 
This  fluid  is  very  slowly  changed.  The  late  Sir  Cbarie» 
Knowles  made  many  experiments  for  ascertaining  the  pelbs 
of  the  filaments  of  water.  At  a  distance  up  the  stream,  be 
allowed  small  jets  of  a  coloured  fluid,  whidi  did  not  ma 
with  water,  to  make  part  of  the  stream  ;  and  the  cxpov 
ments  were  made  in  troughs  witli  sides  and  botlom  of  plale- 
gla.<;s.     A  small  taper  was  placed  at  a  consadtfrable  hc^^ 
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bjnAkblheBbadbws  of  the  coloured  filaments  were 
ffloet  distinctly  projected  on  a  white  plane  held  below  Uic 
trough,  BO  that  tiiey  were  accurately  drawn  with  a  penciJ. 

The  still  water  ADC  lasted  for  along  while  before  it  was 
icoewed ;  and  it  seemed  to  be  gradually  wasted  by  abr»- 
aion,  by  the  adhe&ion  of  the  surrounding  water^  which  gra- 
ditally  licked  away  the  outer  parts  from  D  to  A  and  B ; 
ami  it  seemed  to  renew  itself  iu  the  direction  CD,  opposite 
to  the  motion  of  the  stream.  There  was,  however,  a  consi- 
derable intricacy  and  eddy  in  this  motion.  Some  (seemingly 
luperfiaal)  water  was  continually,  but  slowly,  flowing  out- 
ward from  the  line  DC,  while  other  water  was  seen  within 
and  below  it|  coming  inwards  and  going  backwards. 

Tbe  coloured  lateral  filaments  were  most  constant  in  dieir 
ibrni,  while  the  body  was  the  some,  although  the  velocity 
was  in  some  cases  quadrupled.  Any  change  which  this 
produced  seemed  confined  to  the  fiuperficial  filaments. 

As  the  filaments  were  deflected,  they  were  al$o  con:iti])at- 
that  is,  the  curved  parts  of  the  filaments  were  nearer 
each  other  than  the  parallel  straight  filaments  up  Uie  stream, 
this  constipation  was  more  considerable  as  the  prow 
more  obtuse,  and  the  deflection  greater. 

The  inner  filaments  were  ultimately  more  deflected  than 
ihoae  vithout  them  ;  that  is,  if  a  line  be  drawn  toudung 
thr  KFIH  in  the  point  H  of  contrary  flexure,  where 

lilt  ■  ity  begins  (o  be  on  the  side  next  the  body,  the 

angW  nKC»  contained  between  the  axis  and  this  tangent 
IkaCf  u  so  much  the  greater  as  Uie  filament  is  ccarer  th« 
axis. 

Whctt  the  body  exposed  to  tiie  stream  was  a  box  of  up- 
right sides,  flat  bottom,  and  angular  prow,  like  a  wedge, 
hi;ving  it^  edge  also  upiight,  the  filaments  were  not  all  de- 
flccstd  laterally,  as  theory  woidd  make  ub  exDcct; 
iihunenU  near  the  bottom  were  also  dt: 
well  OS  laterally,  and  gll;' 
the  Uiiioot,  form'mg  Vitu,-  .■.  o-.ui 
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The  breailih  iA'  Uie  ftUvom  that  was  deflected  vu  madi 
rcatcr  tiiuti  iluit  uf  the  iKxiy  ;  aiid  the  sensible  deAedidt 
begun  at  a  considerable  distance  up  the  fitresni>  cspcGuHY 

in  the  outer  filamentA. 

La&tly,  tlio  form  of  the  curves  was  greatJy  influetKvd  bf 
le  proportion  between  the  width  of  the  trough  and  thtt«f 
le  body.  The  curvature  was  always  less  when  ibe  trougli 
ras  very  wide  in  proporlion  to  the  body. 

Great  varieties  were  also  observed  in  the  motkm  or  ^v^ 
ity  of  the  filamenU.  In  general,  the  filamenu^  kncrvMB) 
in  velocity  outwards  from  the  body  to  a  certaun  voull  d» 
tancc,  which  was  nearly  the  same  in  all  cabos  and  tbeo  di- 
minished all  the  way  outward.  This  wasohscrvedby  ilfr 
qualities  in  the  colour  of  the  filaments,  by  which  one  oouU 
be  obser\'cd  to  outstrip  another.  The  retardAtkia  of  tboK 
next  tlie  body  seemed  to  proceed  from  friction  ;  and  it  TO 
[lagined  that  without  this  the  velocity  there  would  alwft 
i\v  been  greatest, 

Tiiese  observulions  give  us  considerable  inforattttioQ  i^ 

>cting  die  mechanism  of  these  motions  and  the  actm  of 

luids  upon  solids.     The  pressure  in  the  duplicate  taAoii 

\c  velocities  comes  here  again  into  view,     ^Vc  foands  litf 

Ithough  tlie  velocities  were  very  different,  llw  curves  IWK 

precisely  the  same.     Now  the  observed  pressures  oiiseCRaD 

le  transverse  forces  by  which  each  particle  of  a  lllaneot 

retained  in  its  curvilineal  path ;  and  vc  know  thiiA  (be 

by  which  a  body  is  retained  in  any  cnurve  is  dkrecdj 

the  square  of  the  velocity,  and  inversely  as  the  nuliuftt/ 

icurvalure.     The  curvattire,  iherefore,  remaining  the  B<a»» 

transverse  forces,  and  consequently  the  pre56ure  on  thf 

ly,  must  be  as  the  square  of  the  velocity  :  and,  on  the 

>thcr  hand,  we  can  see  pretty  clearly  (indt. 

ly  demonstrate<l  byD'Alembert),  that  wli: 

locitics,  the  cur\es  mU  be  the  same*     For  it  is  known « 

lydraulics,  llmt  it  requires  a  fourfold  or  ninefold  prwsuir 

to  produce  a  double  or  triple  velocity.     And  as  sU  p""^ 
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are  propagated  thi'ough  a  perfect  fluicl  vrithout  dimi* 
Oatioa,  this  fourfold  pressure,  while  it  produces  a  double 

taty,  prtnluces  also  iuui*f'old  transverse  pressures,  which 
retain  the  particles,  moving  twice  as  fast,  in  the  saiue 
iliQeaJ  palliB,  And  llius  we  see  that  the  impuJsa>,  as 
are  called,  and  resistances  of  Ruids,  have  a  certain  re- 
lotion  to  the  weiglit  of  a  column  of  fluid,  whose  height  is 
the  height  necessary  for  producing  the  velocity.     How  it 

Ens  that  a  plane  surface,  immersed  in  an  extended 
sustains  just  half  the  pressure  wtiich  it  would  have 
ned  had  the  motions  been  such  as  are  sketched  in 
tig.  6th,  is  a  matter  of  more  curious  and  difficult  investi- 
jlUion.  But  we  see  evidently  that  the  pressure  must  be 
len  than  what  is  there  assigned ;  for  the  stagnant  water 
44iflad  of  the  body  greatly  diminishes  the  ultimate  deflec- 
tions of  the  filaments:  And  it  may  be  demonstrated,  that 
k|dKn  the  part  BE  of  the  canal,  Fig.  9>  is  inclined  to  the 
w^gi  AB  in  an  angle  less  thau90",  tlie  pressuies  BG  along 
t^  whole  canal  are  as  the  versed  sine  of  the  ultimate  angle 

inflection,  or  the  versed  sine  of  the  angle  which  the  part 
mokes  with  the  part  AB.  Therefore,  since  the  dcflec- 
i  resemble  more  the  sketch  given  in  Fig.  10,  the  accu- 
itod  sum  of  all  these  forces  BG  of  Fig.  9.  must  be  less 
the  similar  sum  corresponding  to  Fig.  6.  that  is,  less 
tlic  weight  of  the  column  of  fluid  having  twice  the 
productive  height  for  its  height.  How  it  is  just  one4]alf 
•hall  be  our  next  inquiry. 

here  we  must  return  to  the  labours  of  Newton. 

niauy  beautiful  observations  on  the  nature  and  uie- 

of  continued  fluids,  he  says,  that  the  resistance 

they  occasion  is  but  one-half  of  that  occaf^ioned  by 

re  fluid  which  had  been  tlie  subject  of  his  former  pro- 

"  which  truth,*"  says  he,  *^  I  shall  endeavour  to 


te  then  enters  into  another,  as  novel  and  as  dilHculi  an 
>U|5ati*jn,  viz.   the  laws  oi'  hydraulics,  aud  cndcavourk 
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OAcertotn  llic  ntolion  of  fluids  through  oriAccs  whc 
by  pressures  of  any  kind.     He  endeavour*  to  nwcrtMU 
ic  velocity  with  whieh  a  fluid  escupes  tlirough  a  uorivoDtAl 
ifice  in  ihe  Ivottom  of  a  vessel,  by  the  action  of  il$  «x*k^it, 
1  the  pressure  wliich  this  vein  of  fluid  >vill  c^erl  on  a 
le  circle  which  occupies  part  of  the  orifice.     To  ohtdn 
\i9y  he  employs  a  kind  of  approximation  ami  trial,  d 
it  would  bo  extremely  iliflicult  to  give  an  extract; 
d  then,  by  increasing  the  diameter  of  tlic  vessel  and  d 
le  hole  to  infinity,  he  accommodntes  his  reasoning  to  tl* 
of  a  plane  siirfacc  exjKjsed  tu  aii  indefinitely  exttsdcd 
of  fluid;  and,  lastly,  giving  to  tlie  tiltlo  tirrttltf 
'face  the  motion  which  he  had  before  ascribed  to  the 
luid.he  Bays,  that  the  resistance  to  a  plane  sik'  lag 

irougli  an  unclustic  continuous  fluid,  is  equal  lo  ;..«.  "^hi 
a  column  of  the  fluid  whose  weight  is  one-half  of  th»t 
lessary  for  acquiring  the  velocity  ;  and  he  says,  that  the 
resistance  of  a  globe  is,  in  this  case,  the  same  with  that  of  a 
cylinder  of  the  same  diameter.  The  resistance,  ihcrrfon', 
of  the  cylinder  or  circle  is  four  titnes  less,  aod  ilialofibe 
glo1)c  is  twice  less  than  tlieir  resistances  on  a  nuv  clastic 
medium. 

But  this  determination,  though  founded  on  principles  or 
^Assumptionn,  wliich  are  much  nearer  to  the  real  Mate  of 
things,  is  liable  to  great  objections.     I'    '  '       ■  Ms 

method  for  ascertaining  the  velocity  of  tlic  *, i.^  .-  ..-■ »  « 

method  extremely  ingenious,  but  defective.  The  catatact, 
which  he  supposes,  cannot  exist  as  he  sujiposcs,  deecendiag 
by  the  full  action  of  gravity,  and  Mirr — ^  -'  *  -  -  '  -ind 
of  stagnant  fluid.    For,  in  such  circm.  :'0 

thing  to  balance  the  hydrostaticaJ  pressure  of  this  aurround' 
ing  fluid  ;  because  the  whole  pressure  of  this  centra]  oilt* 
ract  is  employed  in  producing  its  own  descent.  In  l!w 
next  place,  the  pressure  whieh  he  determines  is  beyond  Jl 
doubt  only  half  of  what  is  obscr\-cd  on  a  plane  surftoitt 
all  our  experiments.     And,  in  the  third  phice,  it  is  ivpi^ 
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nsnt  Co  all  our  experiencci  that  the  resistance  of  a  globe  or 
of  a  pointed  bod^  is  as  great  as  that  of  its  circular  base, 
reasons  are  by  no  means  convincing.  He  supposes 
placed  in  a  tube  or  canal ;  and  since  they  arc  sup- 
pooed  of  tlie  same  diameter,  and  tJierefore  leave  equal 
•paces  at  their  sides,  he  concludes,  that  because  the  water 
escapes  by  tlicir  sides  with  the  same  velocity,  tliey  will 
have  the  same  resistance.  But  this  is  by  no  means  a  ne- 
Gesaaiy  C30Dsc({uence.  Even  if  the  water  should  be  allowed 
to  exert  equal  pressures  on  thein^  the  pressures  being  per* 
pendicular  to  their  surfaces,  ami  these  surfaces  being  in- 
clined to  the  axis,  while  in  tlie  case  of  Uie  base  of  a  cylin- 
der it  is  in  tlie  direction  of  the  axis,  there  must  be  a  differ- 
eoce  in  the  accumulated  or  compound  pressure  in  the  di* 
reckon  of  the  axis.  He  indeed  says,  that  in  the  case  of  the 
eylinder  or  the  circle  obstructing  the  canal,  a  quantity  of 
water  remains  stagnant  on  its  upper  surface,  viz.  all  the 
voter  whose  modon  would  not  contribute  to  the  most  ready 
pttMBge  of  tlie  fluid  between  the  cylinder  and  the  sides  of 
the  canal  or  tube  ;  and  itiat  this  water  may  Ix?  considered 
as  fr<»zen.  If  this  be  the  case,  it  is  indifferent  what  is  the 
fbrm  ol'  the  body  that  is  covered  with  this  mass  of  frozen 
or  stagnant  water.  It  may  be  a  hemisphere  or  a  cone ; 
the  reaiatance  will  be  the  same.  Hut  Newton  by  no  means 
asMgDB,  either  with  precision  or  with  distinct  evidence, 
the  (brm  and  magnitude  of  this  standing  water,  so  as  to 
ve  confidence  in  the  results.  He  contents  himsell*  with 
ying,  tluit  it  is  that  water  whose  modon  is  not  neces- 
sary or  cannot  contribute  to  the  most  cai^  passage  o£  the 
water 

There  remain,  tlicrefore,  many  im|x?rfections  in  this 
theory.  But  notwitlistanding  these  defects,  we  cannot  but 
admire  the  eflbrts  and  sagacity  of  tlib  great  philosopher, 
who,  after  ha>-ing  discovered  so  many  sublime  truths  of 
a  mechanical  nature,  ventured  to  trace  out  a  path  for  the 
«n|iijjyg  nt  Q  problem  wliich  no  person  bad  yet  attempted 
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|to  bring  within  the  range  of  tnathenmtical  i'  ''>^> 

ind  this  solution,  though  Inaccurate,  &hiaL'.%  L.j.v-k>^.i(jut 
rith  that  inventive  genius,  and  that  fertility  of  rewurcc, 
^which  no  man  ever  possessed  in  so  eminent  u  dtgrte^ 
'   Those  who  have  attacked  ilie  solution  of  Sir  I^aac 
m  have  not  been  more  successful.    Most  of  iheus>  w 
principles,  have  ^vcn  a  great  deal  of  calculus  ;  and  the 
lief  merit  which  any  of  them  can  cimm,  is  that  of  having 
leduced  some  single  proposition  which  happcDB  to  quad- 
tte  with  sonic  single  case  of  cxperiuient,  while  their  geofr 
theories  are  eitlier  inapplicable,  from  diliiculty  and  ob- 
irity,  or  are  discordant  with  more  general  o^  •. 

We  must,  however,  except  from  this  nuui  ,.  _ '  lUtti 
irDoulU,  who  \f^a9  not  only  a  great  geometer,  but  onerf 
le  first  philosophers  of  the  age.  lie  posdessed  all  thr 
talents,  and  was  free  from  the  faults  of  tliat  celcbr>h!i) 
family ;  and  while  he  was  the  mathematician  of  Bunpr 
who  penetrated  farthest  in  the  investigation  of  this  grttt 
problem,  he  was  llie  only  person  who  felt,  or  at  least  vba 
acknowledged,  its  great  difficulty. 

In  the  2d  volume  of  the  Comment.  PetropoL  17!?7,  be 
proposes  a  formula  for  the  resistance  of  fluids,  deducAl 
from  considerations  quite  different  from  those  on  wliicfi 
Newton  founded  hia  solution.  But  he  dehvcrs  it  with  uuv 
dest  diffidence,  because  he  found  that  it  gave  a  resistance 
four  times  greater  than  experiment.  In  the  same  disserta- 
tion he  determmes  die  resistance  of  a  sphere  to  be  one-halt' 
of  that  of  its  great  circle.  But  in  his  subsequent  theory  of' 
Hydrodynamics,  he  calls  this  determination  in  questte. 
It  is  indeed  founded  on  the  same  hypoihclic.i^  pirt 

which  have  been  unskilfully  dctach(»l  from  the  i  ;  »  w- 
ton's  physics^  and  made  the  groimd-work  of  alJ  I  he  «ubee> 
quent  theories  on  this  subject. 

In  1741,  Bernoulli  published  another  di*«Ttation  \\u  t.w^ 
Hth  volume  of  the  Ccvu  PeiropoL)  on  the  action  and  rcadiA* 
njice  nf  fluids,  limitet)  to  a  very  particular  cam; ;  luunrty*  10 
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the  impulse  of  a  vein  of  6uicl  failing  perpendicularly  on  an 
infinitely  extended  plane  surface.  This  he  demonstrates 
to  be  equal  to  the  weight  of  a  column  of  the  fluid  whose 
base  is  the  area  of  the  vein,  and  whose  height  is  twice  the 
fall  producing  the  velocity.  This  demonstnilion  ia  drawn 
from  the  true  principles  of  mechanics  and  the  ocknowled^ 
ed  laws  of  hydraulics,  and  may  be  received  as  a  strict  pby- 
sical  demons Lration.  As  it  is  the  only  proposition  m  the 
whole  theory  that  has  as  yet  received  a  demonstration  ao- 
ccs&ible  to  readers  not  versant  in  all  th*r  refinement  of  mo- 
dem aaaJysis ;  and  as  the  principles  on  which  it  proceeds 
I  undoubtedly  lead  to  a  solution  of  every  problem  which 
Ih?  |>m|>o5edj  once  that  our  mathematical  knowledge 
»haU  enable  us  to  apply  them — we  think  it  our  duty  to 
pve  it  in  this  place,  although  we  mupl  acknowledge,  that 
this  problem  is  so  very  limited,  that  it  will  hardly  bear  an 
application  to  any  case  that  differs  but  a  little  from  the  ex- 
press conditions  of  die  problem.  There  do  occur  cases, 
however,  in  practice,  where  it  may  be  applied  to  very  great 
adrazitage. 

I>anicl  Bernoulli  gives  two  demonstrations ;  one  of  which 
may  be  called  a  popular  one,  and  the  other  is  more  scien- 
tific and  introductory  to  further  investigation.  We  shall 
give  both. 

Bernoulli  first  determines  the  whole  action  exerted  in  the 
ux  of  the  vein  of  fluid.  Suppose  the  velocity  of  efflux 
is  that  which  would  be  acquired  by  falling  through  die 
height  A.  It  is  avcU  known  that  a  body  moving  during  the 
time  of  this  fall  with  the  velocity  t»  would  describe  a  space 
58  A.  The  eifect,  therefore,  of  the  hydraulic  action  is,  that 
in  the  time  t  of  the  fall  h,  there  issues  a  cylinder  or  prism 
of  water  M'hose  base  is  the  cross  section  /t  or  area  of  the  van, 
and  whose  length  is  SA.  And  this  quantity  of  matter  ia 
now  moving  with  the  veltKiity  v.  The  quantity  of  motion, 
therefore,  which  w  thus  produced  is  2  *  A  r ;  and  this  quan- 
tity of  moUon  is  produced  in  the  time  t     And  this  is  the 
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•ccuniulated  effect  of  all  the  cxpell'mg  forces,  cstimaUsl  in 
'the  direction  of  the  efflux.  Now,  to  compare  ihu  with  (be 
exertk>Q  of  some  pressing  power  with  which  wc  arc  fanohor* 
-Ij  acquainted,  let  us  suppose  this  pillar  S«  A  to  be  fitMO, 

id,  being  held  in  the  hand,  to  be  dropped.     It  is  wsl 

nown,  that  in  the  time  t  it  will  fall  through  Ujc  height  i^ 

id  will  acquire  tiic  velocity  r,  and  now  poBScnes  the  quB^ 
ity  of  motion  2  a  A  v — and  all  this  is  the  effect  <tf  U»  wwghL 

le  weight,  tlierefore,  of  die  piUar  2  J  A  producca  the  tatat 

effect,  and  in  tiie  a«mc  time,  and  (as  may  eaaiiy  be  stxn)  m 

the  same  gradual  manner,  with  the  expelling  forces  of  the 

fluid  in  the  vessel,  which  expelling  forces  arise  from  the 

treasure  of  all  the  fluid  in  the  vessel.     Therefore  thei^ 

imulated  hydraulic  pressure,  by  which  n  vein  of  a  hecvy 
fluid  is  forced  out  through  an  oriHce  in  the  bottom  or  licle 
of  a  vessel,  is  equal  (when  estimated  in  the  direction  of  the 
efflux)  to  the  weight  of  a  column  of  llie  fluid,  havtug  for 
its  base  tlie  section  of  the  vein,  and  twice  llie  fall  patducl- 
ive  of  the  velocity  of  efflux  for  its  heiglit. 

Now  let  ABDC  (Fig.  1 1 .)  be  a  quadrangular  vessel  widi 
ippright  plane  sides,  in  one  of  whicJi  is  an  orifice  EF.  From 

every  point  of  the  circumference  of  this  orifice, ■'     'lo- 

rizontal  lines  E  f,   F/,  Sec.  wliich  will  mark  :i  ur- 

face  on  the  opposite  side  of  the  vessel.     Suppose  the  orilict 

IF  to  iJie  shut.  There  can  be  no  doubt  but  that  liie  Mir- 
'fiices  EF  and  ^y  will  be  equally  pressed  in  opposite  direc- 
tions. Now  open  the  orifice  EF  ;  the  water  will  ru&h  out. 
and  the  pressure  on  EF  is  now  removed.  There  will  tJi««- 
fore  be  a  tendency  in  the  vessel  to  move  bmik  in  the  dim:* 
tion  E  c,  Aiid  this  tendency  musl  be  precisely  etjual  and 
opposite  to  the  whule  cfibrt  of  the  expelling  force*. 

Now,  let  this  stream  of  water  be  received  om  a  circuLv 
plane  MN,  pcqwndicular  to  its  axis,  and  ict  thi«  drcutor 
plane  be  of  such  extent,  that  the  vein  escapes  from  ita  sides 
in  on  inihiitely  thin  sheet,  the  water  flowing  off  in  «  dirco- 
tion  parallel  to  tiie  plane.    The  vein  by  this  ineans  vrlli  ex- 
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to  a  trumpet-tike  shape,  having  curved  sides,  EKG, 
Fig.  12.  We  alibtraciat  presctit  tlie  actiou  of  gravity 
wrould  caiue  the  veiD  to  bend  downwards,  and  occa- 
veJocity  at  11  tlian  at  G;  and  we  sup^XMC  the 
ual  in  every  point  of  the  circumierence.  It  is 
,  tliat  if  the  action  of  gravity  be  neglected  after  the 
has  issued  through  the  orifice  EF,  the  velocity  in 
point  of  tlie  circamfereuee  of  the  plane  MN  will  be 
f  the  efflux  through  KF. 

IV,  because  £KG  is  the  natural  shape  assumed  by  die 

it  is  plain,  that  if  the  whole  vein  were  covered  by  a 

r  moulli-piece,   fitted  to  its  ^hape,  and  perfectly  po- 

su  diat  the  water  shall  glide  along  it,  widiout  any 

(a  thing  which  we  may  always  suppose),  the  water 

crt  no  prcssurc  whatever  on  this  trumpet  moutb- 

Lostly,  let  us  suppose  that  the  plane  MN  is  at- 

to  the  mouth-piece  by  some  bit«  of  wire,  so  as  to 

c  water  ti:i  escape  all  round  by  the  narrow  chink 

n  the  mouth-piece  and  the  plane  :  We  have  now  a 

consisting  of  the  upright  part  ABDC,  the  trumpet 

^LH»  and  the  plane  MN ;  and  the  water  is  escaping 

tvery  point  of  the  circumference  of  the  chink  GHNM 

velocity  v.     li'  any  part  of  this  chink  were  shut 

lerc  would  be  a  pressure  on   that  part  equivalent  to 

fee  of  efflux  from  the  opposite  part.     Therefore,  when 

open,  these  efforts  of  efflux  balance  each  other  all 

There  is  not  therefore  any  tendency  in  this  coni- 

Teasel  to  move  to  any  side.     But  take  away  the 

MN,  and  there  would  immediately  arise  a  pressure 

direction  Ef  equal  to  the  weight  of  the  column  23h, 

therefore  balanced  by  tlie  pressure  on  tlie  circular 

UN,  which  is  therefore  equal  to  this  weight,  and  the 

is  demotistrated. 

r  of  experiments  were  made  by  KraA  at  St 
,  by  receiving  the  vein  on  aplane  MN  (Fig.  1]-) 
fttstened  to  the  ami  of  a  balance  OPQ,  having  a 
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mmUi  U  hanging  on  the  oppoute  ann.  The  reastanoe  or 
immHuro  on  ihc  plane  was  measured  by  wd^ta  putiato 
Uii*  w*nlu  H;  ami  llic  vehwity  of  the  jet  was  measimdly 
niNihii  of  iho  di»tmico  Kli,  to  which  it  spouted  on  a  hn- 
aontnl  plmio. 

T\w  n^ultH  of  thi*8e  cxjierimcnts  were  as  confixnalilels 
tho  tluH>rv  a»  couUl  be  wished.  The  remstanoe 
a  littlo  low  than  whut  the  theory  iequired»  but  giutflj 
tfvHHUnl  il»  half;  tho  result  of  the  genendly  reocsTed 
Thi»  deftvt  «lunild  l)o  expected ;  for  the  demonstmiaa 
Ittw^'^  \\w  (Uano  MN  ta  be  mtiiutely  extended,  so  ^ 
^hu  i4'  water  which  issues  through  the  chmk  mar  far 
wrtely  \wcMA  to  the  i^lane.  This  never  can  be 
e<IWi«\t  AU>  it  was  $uppi^xi.  that  the  Telocity  w^M<r 
UM«i»ui^l  bv  the  an)|4iiuiio  of  tho  parabola  £G£.  Btfic 
w  w«il  klK^wu  that  the  very  putting  the  plaae  MX  aa* 
w«y  \^*the}e<,  though  at  the  distance  of  an  iidk  »^^ 
%wi^^^  wtVi  dmum$h  the  ^vkvitT  ofche  edlux 
\WMiW>^  Thw  t*  rttetly  wctoed  by  espmiDec&  O 
tbe  tttts^r  u\  *  ^vft  the  v«sol  v-II  fcv  ectKaeii  w^a.  ia^^ 
iM  |^«a»<-  K3k  :hc  vTftv.  Rfc>B&:  t2«  ecKnmaic  ^ao:  ^ 
|wane  ta  ::»  risace ;  and  caccv  zsse  will  be  siaocsK^     Iht 

X'  I        t  *  4  ?  ^ 

>u>»^  s  i)w.-r.  :*».:  I'-A"  :jc:   is:^  :;5*  i« 
^•siftt  s  ;fvw    :*r*>  :*w.5  :*-?tf  i^i   :-4H   •« 

i^ifi,-*vxv         iy>s    15'     :ij     a::  "S     a 


I  r  irit:r  v  iWmciKCtiiS;  ins  TnciRScmt  it 
^imm«n  atu  a;*^utx  a  nw-ir^r  f<iiif£^  r  ^ 
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(Fig.  13.)  by  the  continual  action  of  deflecting  forces, 
which  viiry  in  any  maiiaer,  both  with  respect  to  intensity 
and  direction,  and  if  the  action  of  theae  forces,  in  every 
pcant  of  the  curve,  be  resolved  into  two  directions,  perpen- 
dicular and  parallel  to  the  initial  direction  AK  ;  then, 

1.  The  accumulated  effect  of  the  dotlectiiig  forces,  esti- 
mated in  a  direction  AD  {perpendicular  to  AK,  is  to  the 
final  quantity  of  motion  as  the  sine  of  the  final  change  of 
direction  is  to  radius. 

Let  at  first  sup|>ose  that  the  accelerating  forces  act  by 
starts,  at  equal  intervals  of  time,  when  the  body  is  in  the 
points  A,  B,  C,  E.  And  let  AN  be  the  deflecting  force, 
whicii,  acting  ai  A,  changes  the  original  direction  AK  to 
AB.  Produe  AB  till  BH=-=AB,  and  complete  the  paralle- 
logram BFCH.  Then  FB  is  the  force  which,  by  acting 
at  By  changed  tlie  motion  OH  (the  continuation  of  AB)  to 
BC.  In  like  manner  make  Ch  (in  BC  produced)  equal  to 
BC,  and  complete  the  porallelogrum  C/*E/*.  Cy  is  the  de- 
flecting force  at  C,  &c.  Draw  BO  parallel  to  AN,  and 
GBK  perpendicular  to  AK.  Also  draw  hnes  through  C 
and  £  perpendicular  to  AK,  and  draw  through  B  and  C 
tines  parallel  to  AK.  Draw  also  IIL,  h  I  perpendicular, 
md  FG,  III,  h  i,  parallel  to  AK. 

It  is  plain  that  BK  is  BO  or  AN  estimated  in  the  direc- 
tion perpendicular  to  AK,  and  tliat  BG  is  BF  estimated 
in  the  same  way.  And  since  BH=AB,  HL  or  IM  is 
equal  to  BK.  Also  CI  is  e(|ual  to  BG.  Therefore  CM 
ia  cqaal  to  AP-hBG.  By  similar  reasoning  it  appears 
tliat  E  m=E  i+/i  /,=C^CM,=C^+BG^-AP. 

Therefore  if  CE  be  taken  for  the  measure  of  the  final 
velocity  or  quantity  of  motion,  E  m  will  be  the  accumulated 
of  the  deflecting  forces  estimated  in  the  direction  AJI 
*  liar  to  AK.  But  E  m  is  lo  CE  as  the  sine  of 
n  radius ;  and  the  angle  m  C£  is  the  angle  coQ- 
tainrd  between  the  initial  and  tinal  directions,  because  C  m 
ift  parallel  to  AK.     Now  let  tlie  intervals  of  time  diminish 
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contiaually  and  the  frequency  of  the  impulaei 

The  deflection  becomes  ultimately  oantinuoua,  and  the  nK^ 

tkm  curvilineal,  and  the  propoditbn  b  demonatnted. 

We  see  that  the  initial  velodty  and  its  subaeqacit 
changes  do  not  affect  the  concluflum,  which  depends  entndf 
on  the  final  quantity  of  motion. 

2.  The  accumulated  effect  of  the  acodaating  fi«ee% 
vhen  estimated  in  the  direction  AK  of  the  original  mocioii, 
or  in  the  opposite  direction,  is  equal  to  the  diffierenoe  b& 
tween  the  initial  quantity  of  modon,  and  the  product  of 
the  final  quantity  of  motion  by  the  conne  of  the  change  of 
direction. 

For  Cm  =  C /  — m /,  =BM-/5 
BM  =  BL—  ML,=  AK— FG 
AK  =  AO—  OK,  =  AO— PN. 

Therefore  PN+FG-|/Q  (the  accumulated  impulse  ■ 
the  direction  OA)  =  AO  — CM,  =AQ  — CE  x  comneof 
£CM. 

Cor,  1.  The  same  action,  in  the  direction  oi^x»teto 
that  of  the  orig^ial  motion,  is  necessary  for  caumng  a  bodf 
to  move  at  right  angles  to  its  former  chrection  as  for  stop 
ping  its  motion.  For  in  this  case,  the  cosine  of  the  diange 
of  direction  is  =0,  and  AO — CExcosine  ECM^AG— 4^ 
=;A0,  ^  the  original  motion. 

Cor.  2.  If  the  initial  and  final  velocities  are  the  sanie^ 
the  accumulated  action  of  the  accelerating  forces,  estimated 
in  the  direction  OA,  is  equal  to  the  product  of  the  oiiginil 
quantity  of  motion  by  the  versed  sine  of  the  change  of 
direction. 

The  application  of  these  theorems,  particularly  the  se- 
cond, to  our  present  purpose  is  very  obvious.  All  the  fila- 
ments of  the  jet  were  originally  moving  in  the  direction  of 
its  axis,  and  they  ore  finally  moving  along  the  resistbg 
pkne,  or  perpendicular  to  their  former  motion.  There- 
fore their  transverse  forces  in  the  direction  of  the  axis  are 
(ti»  aamdo)  equal  to  the  force  which  would  stop  the  mo- 
1 
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Pllhc  Aggregate  of  tlic  simultaucous  forces  of  every 

in  the  whole  fikmcnt  U  the  same  with  that  of  the 

ve  force*  of  one  particle,  ns  it  arrives  at  different 

>f  its curvine^l  path.     All  the  transverse  forces,  esti- 

n  A  direction  perpendicular  to  the  axis  of  the  vein, 

f  balance  and  sustain  each  other ;  and  the  (xily 

rhich  can  produce  a  sensible  effect  are  those  in  a  di* 

parallel   to  the  axis.     By  these  all  the  inner  fila^ 

[re  pressed  towards  the  plane  MN,  and  must  be 

od  by  it     It  is  highly  probable,  nay  certain,  that 

\  a  quantity  of  stagnant  water  Iii  the  middle  of  tho 

nch  sustainN  the  pressures  of  the  moving  filonienta 

it,  and  transmits  it  to  the  solid  plane.     But  this 

it  alter  the  case.     And,  fortunately,  it  is  of  no  con- 

jpe  what  changes  happen  in  the  velocities  of  the  par- 
hile  each  is  describing  its  own  curve.  And  it  is 
Its  circumstauce,  peculiar  to  this  particular  case  of 
iicular  impulse,  that  we  are  able  to  draw  the  con- 

blt  is  by  no  means  difficult  to  demonstrate  that 
ty  of  the  externa]  surface  of  this  jet  is  constant, 
d  of  every  jet  which  is  not  acted  on  by  external 
iflcr  it  has  quitted  the  orifice  :  but  this  discussion  is 
Doecesaary  here.  It  is  however  extremely  difficult 
rtain^  eren  in  this  most  simple  cose,  what  is  the  vc- 
f  Uie  internal  filaments  in  the  different  points  of 
pogress. 

I  \%  the  demonstration  wliich  Bernoulli  has  |^ven  of 
>poJntion.  Limited  as  it  is,  it  is  highly  valuable, 
\  derived  from  the  true  principles  of  hydraulics. 
loped  to  render  it  more  extensive  and  applicable  to 
I  impulses,  when  die  axis  AC  of  tlie  vein  (Fig.  13i 
B  incl'uied  to  the  plane  in  an  angle  ACN.  But  here 
Simplicity  oi  the  case  is  gone,  and  wc  arc  now 
to  ascertain  the  motion  of  each  filament.     Ii  might 

Sl>e  impossible  to  determine  what  must  hapj>en 
of  the  figure,  tliat  is,  in  a  plane  jio^ng  through 
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the  axis  of  the  vein,  and  perpendicular  to  the  plane  MN. 
But  even  in  this  case  it  would  be  extremelj  difficult  to  d^ 
termine  how  much  of  the  fluid  will  go  in  the  dmtkn 
£KG,  and  what  will  go  in  the  path  FLH,  and  to  Ascertain 
the  form  of  each  filament,  and  the  velocity  in  ita  difocat 
points.  But  in  the  real  state  of  the  case,  the  water  will 
disapate  from  the  centre  C  on  every  side;  and  we  caimaC 
tell  in  what  proportions.  Let  us  however  consider  a  little 
what  happens  in  the  plane  of  the  figure,  and  auppoae  that 
all  the  water  goes  either  in  the  course  EK6  or  in  the  ooutk 
FLH.  Let  the  quantities  of  water  which  take  these  tiro 
courses  have  the  proportions  of /»  and  n.  Let  v^  he  the 
velocity  at  A,  i/%  be  the  velocity  at  G,  and  v^^  be  the 
velocity  at  H.  ACG  and  ACH  are  the  two  dianges  of 
direction,  of  which  let  c  and  — c  be  the  counes.  Then, 
adopting  the  former  reasoning,  we  have  the  pressure  of  the 
wateiy  plate  GEEACM  on  the  plane  in  the  directioa 

AC  =  -^ ~^^ia^^%c%y  and  the  pressure  of  the  plate 


HLFACN  =  —-T—  x2a  + ac/»,  and  thdrsum  = 


-j^ ;   which  bemg  multiplied  by  the 

sine  of  ACM  or  ^1 — c^,  g^ves  the  pressure  perpendiculir 


to  the  plane  MN  ='^- —7; vl— r. 

But  there  remains  a  pressure  in  the  direction  perpen- 
dicular to  the  axis  of  tlie  vein,  which  is  not  balanced,  n 
in  the  former  case,  by  the  equality  on  opposite  udes  of 
the  axis.  The  pressure  arising  from  the  water  which 
escapes  at  G  has  an  effect  opposite  to  that  produced  bj  the 
water  which  escapes  at  H.  When  this  is  taken  into  a^ 
count,  wc  shall  find  that  their  joint  elForts  perpendiculir 
p— n 


to  AC  arcV^    „  xga-v/l—tr,  which,  being  multiplied  b^ 
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of  ACMy  gives  the  actiou  perpeudicukr  to  MN 
The  stim  or   joint    eflbrt    of    all    these   pressures  is 

Thus,  from  this  case,  which  is  much  simpler  than  can 
happen  in  nature,  seeing  that  there  will  always  be  a  lateral 
efflux,  tJjc  determination  of  the  impulse  is  as  uncertain  and 
vague  as  it  was  sure  and  precise  in  tlie  former  case. 

It  is  therefore  without  proper  autliority  that  the  absolute 
impulse  of  a  vein  of  fluid  on  a  plane  which  receives  it 
wholly,  is  asserted  to  be  proportional  to  the  s*me  of  inci- 
dence. If  indeed  we  suppose  the  velocity  in  G  and  H  arc 
equal  to  that  at  A,  then  £=:jj,=i7,  and  the  whole  impulse  is 
Sav^l— c*,  as  is  commonly  supposed.  But  this  cannot  be. 
Both  the  velocity  and  quantity  at  H  are  less  tlian  those  at 
Ck  Nay,  frequently  there  is  no  efflux  on  tlie  side  H  when 
le  obliquity  is  very  great.  We  may  conclude  in  general, 
it  the  oblique  impulse  will  always  bear  to  the  direct  ira- 
ilse  a  greater  proportion  than  that  of  the  sine  of  incidence 
radius.     If  the  whole  water  escapes  at  G,  and  none  goes 

lulerally,   the  pressure  will  be  2a-\-2ac — 26cxV'^"~*^- 

ic  experiments  of  the  Abbe  Bossut  show  in  the  plainest 

mner  that  the  pressure  of  a  vein,  striking  obliquely  on  a 

ine  whicli  receives  it  wholly,  diminishes  faster  ilian  in  the 

io  of  the  square  of  the  sine  of  incidence ;  whereas,  when 

oblique  plane  is  wholly  immersed  in  the  stream,  Uie  im- 

ilae  is  much  greater  than  in  tliis  proportion,  and  in  great 

iliquities  is  nearly  as  the  sine. 

Nor  w  ill  this  prupobition  determine  the  impulse  of  a  fluid 

OD  a  plane  wholly  immersed  in  it,  even  when  the  impulse  is 

^rpendicular  to  the  plane.      The  circumstance  is  now 

Ranting  on  wliich  we  can  establish  a  calculation,  namely, 

of  final  deflection.     Could  this  be  ascert^utcd  Ibr 
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eaxh  filament^  and  the  velocity  of  the  fikunent»  the  pmd* 
pies  arc  completely  adequate  to  an  accurate  solution  of  tW 
problem.  In  the  experiments  which  we  ni'  rt"  n  '  "  Hmt 
been  made  under  the  inspection  of  Sir  Chai  i      ..  2  * 

cylinder  of  six  inches  cFiameter  was  exposed  to  the  actkm  of 
stream  moving  precisely  one  fool  per  jsecond  ;  aod  wImb 
?rtain  deductions  were  made  lor  the  water  which  was 
held  adhering  to  the  posterior  base  (as  will  be  noticed  nlW- 
ward),  the  impulse  was  found  er[ual  to  3l  ounoea  avoiido- 
pois.  There  were  36  coloured  Glainents  distributed  on  the 
stream,  in  such  situations  as  to  give  the  most  uHcfiil  iodic*- 
tioDs  of  their  curvature.  It  was  found  neccseary  to  bftvo 
some  which  passed  under  the  body  and  some  above  ll;  for 
the  form  of  these  filaments,  at  the  same  distance  from  tlip 
axis  of  tlic  cylinder,  was  considerably  different;  and  those 
filaments  which  were  situated  in  planes  neither  burizontil 
nor  vertical  took  a  double  cun-ature.  In  sluift,  ll)c  ciupvw 
were  all  traced  with  great  care,  and  the  deflecting  foroo 
were  computed  for  each,  and  reduced  to  the  dirtctioa  of 
the  axis  ;  and  they  were  summed  up  in  such  a  roanDer  as 
to  give  the  impulse  of  the  whole  stream.  The  deflectioiu 
were  marked  as  far  a-head  of  tlie  cylinder  as  they  could  b» 
assuredly  observed.  By  this  method  the  impulse  wo*  OOQI- 
puted  to  be  2\l  ounces,  dilTcring  from  observation  ^V  ^ 
an  ounce,  or  about  i'„  of  the  whole ;  a  diifereticc  which 
may  most  reasonably  be  ascribed  to  the  adhesion  of  ibc 
water,  which  must  be  most  sensible  in  such  small  vdudticft 
These  experiments  may  therefore  be  considered  as  fpyhlf 
all  the  confirmation  that  can  be  desired  of  the  Justtie«i  dt 
the  principles.  This  indeed  hardly  admits  of  a  doiibC} 
but,  alas  !  it  gives  us  but  small  assistance  ;  for  all  iKlx  is 
empirical,  in  as  far  as  it  leaves  us  in  every  case  tJ>c  task  of 
observing  the  form  of  tlie  curves  and  the  velocities  in  thai 
different  points.  To  derive  service  from  thi*  moHl  ji 
Otis  iiiethcKl  of  Daniel  Bernoulli,  we  must  diM 
method  of  determining,  n  prioriy  what  will  Ik- 
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uid,  whose  course  is  obstructed  by  a  body  of  any 
d  here  wc  cannot  omit  taking  notice  of  the  casual 
el  Sir  Isaac  Ne^on  when  attempting  to  deter- 
ic  rcaistiuicc  of  Ute  plane  surface  or  cylinder,  or 
exposed  to  a  stream  moving  in  a  canal.  He  says 
:  form  of  the  resisting  surface  is  of  less  consequence, 
there  is  always  a  quantity  of  water  stagnant  upon 
rhkh  may  tlierefore  be  considered  as  frozen ;  and  he 
e  considers  that  water  only  whose  motion  is  neces- 
the  most  expeditious  discharge  of  the  water  tn  the 
He  endeavours  to  discriminate  that  water  from  the 
d  aldiough  it  must  be  acknowledged  that  the  prin- 
lidi  he  assumes  for  thi^  purpose  is  very  gratuitous, 
it  only  shows  that  if  certain  portions  of  the  watery 
je  determines  very  ingeniously,  were  really  frozen, 
will  issue  as  he  bays,  and  will  exert  tlie  pressure 
e  Mogns;  still  we  must  admire  his  fertility  of  re- 
and  his  sagacity  in  thus  foreseeing  what  subserjuent 
tion  has  completely  confirmed.  We  are  even  dis- 
think,  that  in  this  casual  observation  Sir  I^aac 
has  pointed  out  the  only  method  of  arriving  at  a 
of  the  problem  ;  and  that  if  wc  could  discover  lohat 
arc  not  nccafsajy  for  the  most  expeditious  passage 
VOUtj  and  could  thus  determine  the  form  and  mag- 
dT  the  stagnant  water  which  atlheres  to  the  body, 
lid  much  more  easily  ascertain  the  real   motions 

n  tlie  observed  resistance. 
Chevalier  D'Arcy  has  shewn,  that  in  the  tr^ns  of 
operations  which  terminate  in  the  production  of 
in  a  particular  direction,  the  intermediate  commu- 
s  of  motion  are  such  tliat  the  smallest  posnblc 
y  of  motion  is  produced.  We  seem  obliged  to  con- 
ihat  this  law  will  be  observed  in  the  present  instance ; 
0cems  a  problem  not  above  our  reach  to  determine 
ions  which  result  from  it  We  would  recommend 
blem  to  tlie  eminent  mathematicians  iu  some  simple 
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CMe»  such  as  the  propoc'ition  alrvadj  deaifmMnitird  by 
Daniel  BtLTnuulli,  or  the  |x?r|>euJicuiar  impulse  oo  a  c^lh^ 
der  included  in  a  tubular  canal ;  and  if  they  succiwl  in  tiui 
great  ih\t%g»  may  be  expcctcil.  \\c  iMiik  that  experkooi 
givea  great  ericouragemcut.  We  sec  that  the  reaasUsneB  to 
a  plane  suHace  is  a  iitllc  greater  ibau  the  iveight  of  ao^ 
lumn  of  the  fluid  having  the  fall  productive  of  the  YiUidty 
for  its  height,  and  the  small  exceiss  is  most  profaaUy  oviif 
to  adhesion,  and  tlie  meuHure  of  the  real  rcaiabuice  is  pR^ 
bably  predsely  this  weight.  The  velucity  of  a  6p"unf 
fluid  was  found,  in  fuct,  to  be  that  actjuired  by  falling  fiwn 
the  surface  of  llie  fluid;  and  it  was  by  looking  at  thiiw  fl* 
at  a  pole  fttar,  that  Newton,  BernoulU,  and  othccv*  hart 
with  great  sagacity  and  ingenuity  discoveix-d  much  nf  tha 
laws  o(  hydraulicfl,  by  searching  for  pnnciplea  which  wadk 
give  this  result.     We  may  liope  for  Mmilar  nuooeoa. 

In  the  mean  time,  we  may  receive  this  as  a  phyncaJ  trotlii 
that  iho  perpendicular  impulse  or  rcsitttauce  ()f  a  plana  fur« 
face,  wholly  immersed  in  the  fluid,  iB  eiiuul  to  tl»e  w«s^lM 
of  the  c<ilumn  having  the  surface  for  its  ba<Oy  and  ('•<»  foM 
producing  the  velocity  for  its  height. 

This  is  tlie  medium  result  of  all  i\|<TiiiicntB  maoc:  lu 
tliese  preciBe  circumstances.  And  it  is  euntinuKl  by  a  iH 
of  experiments  of  a  kind  wholly  diifurent,  and  which  m«a 
to  point  it  out  more  certainly  an  an  immediate  coQMqticnff 
of  hydrauhc'principles. 

If  Pitot's  tube  be  exposed  to  a  stream  of  fluid  tsaiBi^ 
from  B  reservoir  or  vessel,  as  represented  in  Tig,  14.  wth 
tJie  open  mouth  I  pointed  directly  n;  '  tlw 

fluid  is  observed  to  stand  at  K  in  LJ         ,     „  .  l'^ 

daely  on  a  level  with  the  fluid  AB  in  the  reservoir.  HMt 
is  a  most  unexceptionable  experiment,  in  impiAe 

of  the  stream  is  actually  opposed  to  Uie  hv  wii^xaiiLal  ffrc^ 
sure  of  d)e  fluid  on  tJie  tulie.  Pressure  is  in  this  case  «]v 
posed  to  pressure,  Ijccause  the  issuing  Aim!  t«  dflAvolri  1} 
what  stays  in  the  mouth  of  the  tubc»  in  the  sanie  way  IM 
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it  would  be  deflected  by  a  firm  surface.  We  shall 
hare  occasion  by  and  by  to  mention  some  most  valuable 
and  iDstructive  experiments  made  with  this  tube. 

It  was  this  which  suggested  to  Euler  another  theory  V>f 
the  impulse  and  resistance  of  Huids,  which  must  not  be 
oouttcd*  S9  it  is  applied  in  his  elaborate  performance  on 
the  Theory  of  Uie  Construction  and  Working  of  Ships,  ia 
tiro  volumes  4to.  He  supposes  a  stream  of  Huid  ABCD 
(Fig.  Ifi.),  moving  with  any  velocity,  to  strike  the  plane 
BD  peqmidicularly,  and  that  part  of  it  goes  through  a 
hole  EF,  forming  a  jet  EGHF.  Euler  says,  that  the  ve. 
tiaty  of  this  jet  will  be  the  same  with  the  velocity  of  the 
Etf^am.  Now  compare  this  with  an  equal  stream  issuing 
fiixn  a  bole  in  the  side  of  a  vessel  with  the  same  velocity. 
The  one  stream  is  urged  out  hy  the  pressure  occasioned  by 
the  impulse  of  the  iluid  ;  the  other  is  urged  out  by  tlie 
inpukc  of  the  iiuid ;  the  other  is  urged  out  by  tlie  pressure 
of  gravity,  Tlie  effects  arc  ecfual,  and  the  modifymg  cir- 
CUBulaooes  are  the  same.  Tlie  causes  arc  therefore  equal, 
od  the  pressure  occolioned  hy  the  impulse  of  a  stream  of 
fluid,  moving  with  any  velocity,  is  equal  to  the  weight  of 
a  column  of  fluid  whose  height  is  productive  of  this  velo- 
cly,  &c.  He  then  determines  the  obUque  impulse  by  the 
teaolution  of  motion,  and  deduces  the  common  rules  of  re- 

Not  a  shadow  of  argument  is  given  for  the  leadmg  prin- 
tiplc  io  lliis  theory,  viz.  tliat  the  velocity  of  the  jet  is  the 
mme  with  the  velocity  of  the  stream.  None  can  bo  given, 
W  saying,  that  the  pressure  is  equivalent  to  its  pniduc- 
tioa ;  and  itiis  is  assuming  the  very  thing  he  labours  to 
pcofc.  Thtt  matter  of  fact  is,  that  the  velocity  of  the  jet 
ia  greater  than  that  of  the  stream,  and  may  be  greater  aJ- 
meal  m  any  proportion.  Which  curious  circumstance  waa 
dUBorercd  and  ingcniouBly  explained  long  ago  by  Danbl 
Bernoulli  in  hia  JTjydkoc^ymnnica.  It  ia  evident  that  the 
ONiat  be  greater.     Were  a  stream  of  sand  to 
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agmnat  the  plane,  what  goes  throu(»h  wouM  ii»d«d  p» 
serve  its  velocity  unchanged  :  bui  when  a  real  fluid  rtriko 
die  plane,  all  ihai  doen  not  pass  through  is  drflecicd  oo 
all  sides;  and  by  ihcsc  deflections  fnrcea  arv  '.  bjr 

which  the  fllanicnts  which  Burround   the  cyi'.  -ofr 

diateiy  fronting  the  liole  are  made  to  press  tlie  cyliDdrr  OQ 
all  sides,  and  as  it  were  squeeze  it  between  tbem :  sod 
thus  the  particles  at  the  hole  must  of  necessity  be  teas 
lerated,  and  the  velocity  of  tJie  jet  must  be  greater  than 
that  of  the  stream.  AVe  are  disposed  to  think  that,  in  a 
fluid  perfectly  incompressible,  the  velocity  will  be  doiiblei 
or  at  least  increased  in  the  proportion  of  1  to  v^-  I*^*^ 
fluid  is  in  the  smallest  degree  compressible,  even  in  Kttt 
very  small  degree  that  water  is,  tlie  velocity  at  the  first 
impulse  may  bo  much  greater.  D.  UernouUi  found,  tlut 
a  column  of  water  moving  5  feet  per  second,  in  a  tuiv 
aotne  hundred  feet  long,  produced  a  velocity  of  186  fed 
per  second  in  the  first  moment. 

There  being  this  radical  defect  in  the  theory  of  Eulcr. 
it  is  needless  to  take  notice  of  its  total  insufficiency  for  «• 
plaining  obhque  impulses  and  Uie  resistance  of  cutviGimI 
prows. 

M,  d^Alembert  has  attempted  a  solution  of  that  prifblcm 
in  a  method  entirely  new  and  extremely  ingenkNii.  B> 
saw  clearly,  that  all  the  followers  of  Newton  had  fi 
the  path  which  he  had  marked  out  for  them  in  the 
part  of  his  investigation,  and  had  merely  anuisc-d  tliemaelvf* 
with  the  mathematical  discussion  with  which  his  incraJuc- 
tory  hypothesis  gave  them  an  opportunity  of  occojiyitig 
themselves.  He  paid  llie  deserved  tribute  of  applainvW 
Daniel  Bernoulli  for  having  introduced  the  notion  of  paft 
pressure  as  the  chief  agent  in  this  business ;  and  l»c  «■ 
that  he  was  in  the  right  road,  and  that  it  was  from  hydic- 
fltatical  principles  alone  that  we  had  any  chance  of  erplaiJi* 
ing  the  phenomena  of  hydraulics.  Bernoulli  had  only  con* 
sidered  the  pressures  which  were  excited  in  conseqttcnoeaf 
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the  curvilineal  motions  of  the  particles.  M.  d^Alcmhcrt 
even  thought,  tliat  these  pressure*  were  not  the  conse- 
quenoe«,  hut  the  causes,  of  these  curvilineiil  motions.  No 
internal  nintinn  can  happen  in  a  fluid  but  in  consequence 
of  an  unbalanced  prenaure ;  and  every  such  motion  wiJl 
produce  an  inccjuality  of  pressure,  which  will  determine 
Ihc  fiueceeding  motions,  lie  ihereiure  endeavoured  to  re- 
duce all  to  the  discovery  of  those  dititurbing  pressures,  and 
thus  to  the  laws  of  hydrostatics.  He  had  lung  before  this 
hit  on  a  very  refined  and  ingenious  \\ew  of  the  action  of 
bodies  on  each  otlier,  which  had  enabled  him  to  solve  many 
of  the  most  difficult  problems  concerning  the  motions  of 
ie«,  such  as  the  centre  of  oscillation,  of  spontaneous 
version,  the  precession  of  the  equinoxes,  &c.  &c.  with 
great  facility  and  elegance.  He  saw  that  the  same  princi- 
ple would  apply  to  tlic  action  of  fluid  bodies.  The  prin- 
ciple is  tliis : 

**  In  whatever  manner  any  number  of  bodies  are  snp* 
posed  io  ad  on  each  others  and  by  tlte/te  actions  come  to 
ckattge  iheir  preaent  rnotionit^  if  u^e  coftceivc  that  (Ike  mo- 
Hon  xehich  each  body  would  have  in  tftc  fuUowiug'  instant 
(if  it  becamejree)^  is  resolved  tnio  two  other  motions;  one 

Rtehich  is  the  motion  xehich  it  really  takes  in  the  Jbllow- 
•  instant ;  the  other  will  be  svch^  Oiat  if  each  body  liad 
Slit  other  motion  but  this  sccotul^  t/ie  whole  bodies  tcould 
hatre  remaitu'd  in  cquilibrtor  We  here  observe,  that  '*  the 
mocioa  whicli  each  Ijody  would  Iiave  in  the  following  m- 
Btant,  if  it  became  frce,^  is  a  continuation  of  the  motion 
vhich  it  has  in  the  first  instiuit.  It  may  tlierefore  perhap 
be  better  exIl^e^&ed  thus : 

ff  the  motions  of  bodies^  any  how  aciing^  on  each  otlier^ 
be  con^dercd  in  tico  co?tsccutive  instants^  and  if  we  cofi- 
ctive  the  motion  which  it  has  in  ilie  first  instant  as  coin- 
fasmdfd  tjftwo  otltersy  one  vf  which  is  tJte  vtoiion  which  it 
^tittaify  takes  in  the  second  instant,  the  otltcr  is  suchf  titat 
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jfeach  body  had  only  those  second  Tnatiant,  the  whoks^ilf 
vould  have  remmncd  in  etpitUbrio, 

The  prupositioti  itself  is  evident,  for  if  ihcse  Mcond 
motiotrs  be  nut  such  as  tliat  an  eiiuiUbrium  of  th«  whnle 
system  would  result  from  thom,  the  other  ixmiponeot 
motions  would  not  l)c  those  whidt  the  bodies  rcallj  hivt 
efler  the  change ;  for  they  would  necessarily  be  altered  \ff 
these  unbalanced  motions.  See  D'Aleinbett  I^ssm  ^ 
Dgnmrnque. 

AjBflisted  by  this  incontestable  principle^  M.  d*Alembat 
demonstrates,  in  a  manner  tx|ually  new  and  simple,  tW 
propositions  which  NewtoH  had  so  cautiously  dedu^ 
his  hypothetical  fluid,  shewing  tliat  they  were  nui  ininuu 
to  this  hy|xjtlie?as,  viz.  tliat  the  motiuus  produced  by  sss> 
lar  bixlieH,  similarly  projected  in  them,  would  be  similtfi 
that  whatever  were  the  pressures,  the  cur^'es  deacriboNl  b^ 
the  particles  would  be  the  same ;  and  that  tlic  resuUflM* 
would  be  pro|)orlioual  to  the  squares  of  the  velocities  He 
then  comes  to  consider  the  fluid  as  having  it^  motions  ooo* 
■trained  by  the  form  of  the  canal  or  by  folid  ob«lBcii»iB* 
terposed. 

It  is  evident,  that  if  th6  body  ADCE  (Fig.  16.)  did  n^ 
form  an  obstruction  to  the  motion  of  the  water,  lJ>c  pirlktci 
^ould  dcscnbe  parallel  lineft  TF,  OK,  PS,  ttcc  Bat  vbik 
yet  at  a  distance  from  the  body  in  F,  K^  S>  they  grtduttf 
change  their  directions^  oixl  describe  the  curves  FM,  K"> 
S  ft,  so  much  more  incurvati^d  as  they  are  nearer 
body.  At  a  certain  distance  ZV  this  curvature 
ittiaii^ble,  and  the  fluid  included  in  tfav  ftpoct  ZVHQ 
will  move  uniformly  as  if  the  solid  body  were  not 
The  motions  on  the  other  side  of  the  axis  AC  will  he 

and  we  need  only  attend  to  one  half,  and  iwsm' 


same 


consider  these  as  in  a  state  of  }>ermancacy. 
No  l>ody  changes  either  its  direction  f- 
wise  than   by  insensible  degrees :    thcrt 
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which  is  moving  in  the  axis  will  not  reach  the  vertex  A  of 
th4>  body,  where  it  behoved  to  deflect  instantaneously  at 
right  angles.  It  will  therefore  begin  to  be  deflected  at 
some  point  F  a-head  of  the  body,  and  will  describe  a  curve 
FM,  touching  the  axis  in  F,  and  the  body  in  M ;  and 
then,  gliding  along  the  body,  will  quit  it  at  some  point  L, 
describing  a  tangent  curve,  which  will  join  the  axis  again 
^touching  it)  in  E ;  and  thus  there  will  be  a  quantity  of 
libelant  water  FAM  before  or  a-hcad  of  the  body,  and 
another  LCR  behind  or  astern  of  it. 

Let  a  be  the  velocity  of  a  particle  of  the  fluid  in  any  in- 
stant, and  o'  its  velocity  in  the  next  instant.  The  velocity 
a  may  be  considered  as  compounded  of  o'  and  a".  If 
the  particles  tendetl  to  move  with  the  velocities  a"  only, 
the  wiiole  fluid  would  be  in  equilibrio  (general  principle), 
and  the  pressure  of  the  fluid  would  be  the  same  as  if  all 
were  stagnant,  and  each  particle  were  urged  by  a  force 

"^    (  expressing  an  indefinitely  small  moment  of   time. 

(N.  B.  — r-  is  the  proper  expression  of  the  accelerating  force, 

vhicb,  by  acting  during  the  moment  i,  would  generate 
the  velocity  a" ;  and  a"  is  supposed  an  indeterminate 
quauUlj,  diflereat  perhaps  for  each  particle).  Now,  let  a 
ba aupp(>scd  constant,  or  a=a'.  In  this  cAse  a"^o.  That 
if  U>  aay,  no  pressure  whatever  will  be  exerted  on  the  solid 
body  tmlcss  there  happen  changes  in  the  velocities  or  direc- 
tions of  the  particles.  .  \ 
Let  a  and  a'  then  be*  the  motions  of  the  particles  in 
two  consecutive  instant.s.     They   would  be  in  ecjuilibrio 


if  urged  oily  by  the  forces  -r 

.4.    'i 


Therefore  if  y  be  the  point 


where  the  panicie3  which  'describe  the  curve  FM  begin  lo 
nge  ilieir  velocity,  the  pressure  in  D  would  be  equal  10 
the  pressure  which  the  fluid  contained  in  the  canal  >  FMD 


WMa 
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[>ouJd  exert,  if  each  particle  were  solicited  by  its  force  — ' 

The  question  is  therefore  reduce<l  to  the  finding  the  eanu 

lire  in  the  canal  y  FMD«  and  the  accelerating  forcei  — 

fin  its  different  parts. 

It  appears,  in  the  first  place,  that  no  pressure  is  cctrtad 
by  any  of  the  particles  along  the  curve  FM :  for  suppose 
tJiat   the    particle   a    (Fig.   18.)    describes    the  d-  r 
BDiall  straight  line  a  6  in  the  first  instant,  and  hv    ^ 

^iecond  instant;  produce  a  £  till  bd=:aby  and  joining  ie, 
the  motion  a  b  or  bd  may  be  considered  as  com|X)sed  of  6  f, 
which  the  particle  really  takes  in  the  next  instant,  and  & 
motion  dc  which  should  be  destroyed.    Draw  b  l  parallel  to 

\dCy  and  f  e  perpendicular  to  6  c.  It  b  plain  that  the  par- 
ticle 6,  solicited  by  the  forces  ^f,  ei  (equivalent  to  dc] 
should  be  in  equilibrJo.     This  being  established,  be  murf 

'be  =  Oy  that  is,  there  will  be  no  accelerating  or  rrtaid- 
ing  force  at  b ;  for  if  there  be,  draw  b  m  perpcndicukr 
to  6  F,  and  the  parallel  n  q  infinitely  near  it  Tlui  part 
h  n  of  the  fluid  cr»nlained  in  the  canal  b  n  q  m  would 
sustain  some  pressure  from  b  towards  fi,  or  from  n  towsids 
h.  Therefore,  since  the  fluid  in  this  stagnant  canal  should 
be  in  equilibrio,  there  must  also  be  some  action,  at  Lfost  b 
one  of  llie  parts  bnitfnq,  q  »,  to  counterWIance  the  ocM 
on  the  part  b  n.  But  tlie  fluid  is  stagnant  in  the  ^Mce 
FAM  (in  conseqwence  of  the  law  of  contintiity)      ITjctn 


fore  there  is  no  force  which  can  act  on  h  vu  m 


q,qn 


and 


the  pressure  in  the  canal  in  the  direction  bn  or  nbitts^ 
l^^ngj  (Fig.  17.)  or  the  force  ^^  =  0,  and  tlie  force  iri* 
perpendicular  to  the  canal ;  and  there  is  llierefore  do  pits- 
sure  in  tlie  canal  FM,  except  what  proceeds  from  the  fwit 
y  F,  or  from  the  force  c»;   which  last  bcit^  y  ^^ 

to  the  canal,  there  can  be  no  force  exerted  ou  Uic  ]         '^ 
'but  what  is  propagated  from  Uie  part  >  F. 
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Tbe  velocitj  therefore  in  the  canal  FM  i»  constant  if 
I  or  infinitely  small  it*  variable:  for,  in  the  first  case» 
ine  lorce  be  would  be  absolutely  nothing;  and  in  the  se- 
cond case  it  would  be  an  infinitesimal  of  the  second  order, 
and  may  be  considered  05  nothing  in  compari^n  with  the 
Telodty,  which  is  of  the  first  order.  We  shall  see  by 
and  by  that  the  lost  is  the  real  state  of  llie  case.  There- 
fore U)e  fluid,  before  it  begiu»  to  change  its  direction  in  F, 
I  begins  tu  change  its  veltxuty  in  some  point  >  a-head  of  F, 
and  by  the  time  that  it  reaches  F  its  velocity  is  as  it  were 

hpnnihilated. 
"    Cor.  1.  Therefore  the  pressure  in  any  point  D  (Fig  16.) 
arises  both  from  the  retardations  in  the  part  y  F,  and  irom 
tbe  particles  which  are  in  the  canal  MD :  as  these  last  move 

o" 
along  the  surface  of  the  body,  tlic  force,  —r-*  destroyed  in 


.     fit] 


every  particle,  is  compounded  of  two  others,  one  in  the 
ion  of  the  surface,  and  the  other  perpendicular  to  it ; 
I  lliese  p  and  p\  The  point  D  is  pressed  perpendicu- 
larly to  the  surface  MD;  1st,  by  all  the  forces  p  in  the 
curve  MD;  2d,  by  the  force p*  acting  on  the  single  point 
D.  This  may  l)e  neglected  in  comparison  of  the  indefi- 
nite number  of  the  others:  therefore  taking  in  the  arch 
MD,  an  infinitely  small  portion  N  m  =  j,  the  pressure  on  D, 

perpendicular  to  the  surface  of  the  body,  will  be  =  fp  a  ; 

and  this  fluent  must  be  so  taken  as  to  be  =  o  In  the 
point  M. 

Cor,  2,  Therefore,  to  find  the  pressure  on  D,  we  must 
find  the  force  p  on  any  jioint  N.     Let  n  be  tlie  velocity 

the  particle  N,  in  the  direction  N  m  in  any  instant,  and 
-fuits  velocity  in  the  followng  instant;  we  must  have 

Therefore  the  whole  question  is  reduced  to  find- 


ing tbe  velocity   u  in  every   point  N,  in  the  direction 

Nm. 


lull 
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And  this  is  the  aim  of  a  smes  of  propontioiw  which  fiiOoV) 
in  which  the  author  displays  the  most  accurate  ood  pndie 
conception  of  the  subject,  and  great  address  and  ekganceil 
his  mathematical  analjus.     He  at  length  brings  out  as 
equation  which  expresses  the  pressure  on  the  body  in  At 
most  general  and  unexceptionable  manner;  but  be  that  ma 
so,  d'Alembert  has  not  been  able  to  exemplify  the  oppEoa- 
tion  of  the  equation  to  the  simplest  case  which  can  be  pn^ 
posed,  such  as  the  direct  impulse  on  a  plane  surface  whoBj 
immersed  in  the  fluid.    All  that  he  is  enaUed  to  do^  is  to 
apply  it  (by  some  modifications  and  substitutions  wludt 
take  it  out  of  its  state  of  extreme  generahty)  to  the  difect 
impulse  of  a  vein  of  fluid  on  a  plane  which  deflects  it  whoDy, 
and  thus  to  shew  its  conformity  to  the  solution  given  fay 
Daniel  Bernoulli,  and  to  observation  and  experience.    & 
shows,  that  this  impulse  (independent  of  the  defidencj 
arising  from  the  planer's  not  h&ng  o£  infinite  extent)  ii 
somewhat  less  than  the  weight  o£  a  column  whose  baie  ii 
the  section  of  the  vein,  and  wliose  height  is  twice  the  §A 
necessary  for  communicating  the  velocity.     This  great  pU- 
losopher  and  geometer  concludes  by  saying,  that  he  doa 
not  believe  that  any  method  can  be  found  for  solving  tlit 
problem  that  is  more  direct  and  simple ;  and  imagines,  thii 
if  the  deductions  from  it  shall  be  found  not  to  agree  with 
experiment,  we  must  give  up  all  hopes  of  determining  the 
resistance  of  fluids  by  theory  and  analytical  calculus.    He 
says  amdyttcal  cakulus ;  for  all  the  physical  principles  oo 
which  the  calculus  proceeds  are  rigorously  demonstrated, 
and  will  not  admit  of  a  doubt.     There  is  only  one  hyp(^ 
thesis  introduced  in  his  investigation,  and  this  is  notapfay- 
flical  hypothecs,  but  a  hypothesis  of  calculation.     It  is,  thit 
the  quantities  which  determine  the  ratios  of  the  second 
fluxions  of  the  velocities,  estimated  in  the  directions  paral- 
lel and  perpendicular  to  the  axis  AC  (Fig.  16.)  aife  func- 
tions of  the  absdssa  AP,  and  ordinate  FlI  of  ilie  eum. 
Any  person,  in  the  least  acquainted  with  mathematidi 
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s,  will  sec,  tfiat  without  this  suppof^ition  no  analyns 

cuius  whatever  can  bo  instituted.     But  let    us  Me 

At  is  the  ph7/9k(tl  meaning  of  this  liypothesis.     It  is 

inply  this,  that  the  motion  of  the  particle  M  tlepcnds  on 

ffituatian  only.     It  appears  impossible  to  form  any  other 

and  if  we  could  form   such  an  opinion,  it  is  aa 

e(«ttr  as  day-light  that  the  case  Is  desperate^  and  that  we 

must  renounce  all  ho^>es. 

We  are  sorry  to  bring  our  labours  to  this  conclusion; 
but  w«  are  of  opioion,  that  the  only  thing  that  remains  is, 
V>r  mathematicians  to  attach  tliemifclves  u-ith  firmness  and 
igour  (o  some  airaple  cases ;  and,  without  aiming  at  geno- 
ty,  to  ajiply  M.  d'AJcmbert's  or  Bernoulli's  mode  cj4' 
procedure  to  the  particular  eirctimstances  of  the  case.  It 
is  not  improbable  but  that,  in  the  solutions  which  may  be 
obtained  of  these  particular  cases,  circumstances  may  occur 
which  are  of  a  more  general  nature.  These  will  be  so 
any  hw%  of  hydranlics  to  be  added  to  out  present  very 
nty  stock ;  and  these  may  have  points  of  resemblancev 
will  give  birdi  to  laws  of  still  greater  generality. 
we  repeat  our  expresaon  of  hopes  of  some  success, 
endeavotiring  to  determine,  in  some  simple  cases,  the 
urn  possUnU  of  motion.  I'he  attempts  of  the  Jesuit 
cnmroentators  on  the  Principia  to  ascerttun  this  on  the 
ewloniun  liypothesis  do  them  honour,  and  have  really 
ven  us  great  assistance  in  the  particular  case  which  came 
rough  their  hands. 

And  we  should  multiply  experiments  on  ihe  renstance 

bodies.     Those  of  the  French  academy  are  undoubtedly 

'  iiieatimable  value,  and  will  always  be  appealed  to.     But 

ere  are  circumstances  in  those  experiments  which  render 

more  complicated  than  is  proper  fur  a  general  theory, 

which  therefore  limit  the  conclusions  which  we  wish  lo 

dnw  from  them.     The  bodies  were  lloatiiigon  the  surfi 

This  greatly  nio<ltHes  the  dcfieclions  of  the  iiIamentt.of  i 

ter,  causing  some  to  defied  latemJlr,  which  would  oiherwia* 


jl^^ 
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have  rpmained  in  one  vertical  plane ;  and  this  drcura- 
fttance  also  ncccssaritj  prcxluccd  what  die  Bcademiriani 
called  the  rcmou^  or  accumulation  on  the  antcriur  paxt  t^ 
tlie  IxKly,  and  dcpres>;ion  behind  i(.  Thi^  :  '  i 
additional  rei^iatancc,  nliich  wo-s  roeasured  -  ^ 
culty  and  uncertainty.  The  effect  of  adhesion  must  aho 
have  been  very  considerable,  and  very  different  in  the 
ferenl  cases;  and  it  is  of  difficult  calculation.  It  caui 
perhaps  be  totally  removed  in  any  experiment,  and  it 
necessary  to  consider  it  as  making  part  of  the  resistance  in 
llie  most  important  practical  cases,  viz.  the  motion  of  shipK. 
Here  we  see  that  its  effect  is  very  great.  Every  seaman 
knows  that  the  speed,  even  of  a  copper-bbcalhed  ship*  u 
greatly  increased  by  greasing  her  bottom.  The  differenee 
is  too  remarkable  to  admit  of  a  doubt:  nor  should  we  be 
surprised  at  this,  when  we  attend  to  the  diminution  of  the 
motion  of  water  in  long  pipes.  A  bmooth  pipe  four  and  a 
half  inches  diameter,  and  500  yards  long,       "  '    *  o 

fifth  of  the  quantity  which  it  ought  to  do  :...-_^  .     _..  of 
friction.     But  adhesion  does  a  great  deal  which  cannot  be 
coro]>ared  witli  friction.    We  sec  (hat  water  Bowing  tli : 
a  hole  in  a  thin  plate  will  lie  increased  in  quanlJt\ 
one-third,  by  adding  a  httle  tube  whose  length  is 
twice  the  diameter  of  the  hole.     The  adhesion  therefore 
will  greatly  modify  the  action  of  the  filaments  both  on  the 
solid  body  and  on  each  other,   and  will  ch.inge  both  tht 
torms  of  the  curves  and  the  velocities  in  tJiiTerem  points; 
and  this  is  a  sort  of  objection  to  the  only  hypotlicsis  iotrO' 
duced  by  d*Alemhert.     Vet  it  is  only  ■  sort  of     '       * 
for  the  effect  of  this  adhesion,  too,  must  uudou 
pcnd  on  the  situation  of  llie  particle. 

The  form  of  these  experiments  of  the  acad 
suited  to  the  examination  of  the  resistance  of  bo*i-  -  -  »• 
immersed  in  the  fluid.     The  form  of  experiment  adop 
by  Hobins  for  the  resistance  of  air,  and  afterwords  by 
Chevalier  Borda  for  water,  is  free  from  thc»e  Incoov 
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and  is  susceptible  of  eijual  accuracy.  The  great  ad- 
vanta^  of  both  is  the  exact  knowledge  which  ihey  give  us 
of  the  velocity  of  the  motion ;  a  circumstance  essentially 
^Hpcessary,  and  but  imperfectly  known  in  the  experiments 
^^H  Mariotte  and  others,  who  examined  quiescent  bodies  ex- 
^^■tKcd  to  the  action  of  a  stream.  It  is  extremely  difficult 
^^B  measure  the  velocity  of  a  stream.  It  is  very  different 
^in  its  different  parts.  It  is  swiftest  of  all  in  the  middle 
[perficial  iilameut,  and  diminishes  as  we  recede  from  this 
awards  the  sides  or  bottom,  and  the  rate  of  diminution  is 
tt  precisely  known.  Could  this  be  ascertained  with  the 
ry  precision,  we  should  recommend  the  following 
of  experiment  as  the  most  simple,  easy,  economical, 
and  accurate : 

Let  fl,  by  c,  J,  (Fig.  19)  be  four  books  pkced  in  a  ho- 

Izontal  plane  at  the  corners  of  a  rectangular  parallelogram^ 

the  aides  oft,  cd  being  parallel  to  the  direction  of  the 

^^kream  ABCD,  and  the  sides  ab^  cd  being  perpendicular 

^Hp  it.     Let  tlie  body  G  be  fastened  to  an  axis  ef  of  stiff- 

^^■mpered  steel-wire,  so  that  the  surface  on  which  tlie  Huid 

^^h  to  act  may  be  inclined  to  the  stream  in  the  precise  angle 

^^re  desire.     Let  this  axis  have  hooks  at  its  extremities, 

^hich  are  hitched  into  the  loops  of  four  equal  threads,  sua- 

ided  from  the  hook  a,  6,  c,  d;  and  let  H  f  be  a  fifth 

I,  suspended  from  the  middle  of  the  line  joining  the 

Tints  of  ausjKnsion  a,  b.     Let  HIK  be  a  graduated  arch, 

rhose  centre  is  H,   and  whose  plane  is  in  the  direction  of 

the  stream.     It  is  evident  that  the  impulse  on  the  body  G 

will  be  measured  (by  a  process  well  known  to  every  mathe- 

mutician)  !)y  the  deviation  of  the  thread  H  e  from  the  ver- 

I      lical  line  H  I ;   and  this  will  be  <lone  without  any  intricacy 

^Bpf  calculation,  or  any  attention  to  the  centres  of 

^Hf  oscillation,  or  of  ix-rciission.     These  tnt:  M      i 

^nscertained  \sith  res|>ect  to  that  form  in  ' 

I      lum  has  always  been  enjployed  for  iji 

^Bpr  vcloeiry  of  a   stream.     These   adsiun 
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the  circumstance,  that  the  axis  ef  remains  alwi^B  paralld 
to  the  horizon.  We  may  be  allowed  to  observe,  by  the 
bye,  that  this  would  have  been  a  great  improyement  of  the 
beautiful  experiments  of  Mr  Robins  and  Dr  Hutton  on  the 
velocities  of  cannon-shot,  and  would  have  saved  mudi  ii>> 
tncate  calculation,  and  been  attended  with  many  important 
advantages. 

The  great  difficulty  is,  as  We  have  observed,  to  measwe 
the  velodty  of  the  stream.  Even  this  may  be  done  in  this 
way  with  some  preci^on.  Let  two  floating  bodies  be  drag- 
ged along  the  surface,  as  in  the  experiments  of  the  acade- 
my, at  some  distance  from  each  other  laterally,  so  tliat  the 
water  between  them  may  not  be  seniubly  dist^irbed.  Let 
a  horizontal  bar  be  attached  to  them,  transverse  to  the  di- 
rection of  thdr  motion,  at  a  proper  height  above  the  sur- 
face, and  let  a  epheiical  pendulum  be  suspended  from 
this,  or  let  it  be  suspended  from  four  points,  as  here  d^ 
scribed.  Now  let  the  deviation  of  this  pendulum  be  noted 
in  a  variety  of  velocities.  This  will  give  us  the  law  of  re- 
lation between  the  velocity  and  the  deviation  of  the  pen- 
dulum. Now,  in  making  experiments  on  Uic  resistance  of 
bodies,  let  the  velocity  of  the  stream,  in  the  very  filament 
in  which  the  resistance  is  measured,  be  determined  by  the 
deviation  of  this  pendulum. 

It  were  greatly  to  be  wished  timt  some  more  palpable 
argument  could  be  found  for  the  existence  of  a  quantity  of 
stagnant  fluid  at  the  anterior  and  posterior  parts  of  the 
body.  The  one  already  given,  derived  from  the  consider- 
ation that  no  motion  changes  either  its  velocity  or  directkn 
by  finite  quantities  in  an  instant,  is  unexceptionable.  But 
it  gives  us  little  information.  The  smallest  concmvable 
extent  of  the  curve  FM  in  Fig.  18,  will  answer  this  condi- 
tion, provided  only  that  it  touches  the  axis  in  some  point 
F,  and  the  body  in  some  point  M,  so  as  not  to  make  a  finite 
angle  with  either.  But  surely  there  are  drcumstancea 
which  rigorously  determine  the  extent  of  this  stagnant 
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And  it  appears,  without  doubt,  that  if  there  were 
cohesion  or  friction,  this  space  will  have  a  dctermiued 
io  to  the  fdze  of  the  body  (the  figures  of  the  bodies  being 
kppofied  RJmiiar).  Si]p]X)sc  a  plane  surface  AB,  as  in 
'.11,  there  caii  l>e  no  dmibt  but  that  tlie  figure  A aD6B 
will  in  ever  J  case  be  similar.  But  if  we  suppose  an  adhe- 
sion or  tuuacity  which  is  constant,  this  uaiy  make  a  change 
both  in  its  extent  and  its  form  :  for  its  constancy  cf  form 
depends  on  the  disturbing  forces  being  always  as  the 
squares  of  the  velocity ;  and  this  ratio  of  the  disturbing 
forces  is  preserved,  while  the  inertia  of  the  fluid  is  the  only 
Agent  and  patient  in  the  process.  But  wlien  we  odd  to 
this  the  constant  (that  is,  invariable)  disturbing  force  of 
ladty,  a  change  of  turni  and  dimensiona  nuist  happen, 
like  manner,  llie  friction,  or  something  analogous  to 
iction,  which  produces  an  effect  proportional  to  the  velo- 
^,  must  alter  this  nece&sary  ratio  of  the  whole  disturbing 
We  may  conclude,  iJiQt  the  effect  of  both  these 
(Stances  will  \m  to  diminish  the  quantity  of  this  stag- 
nant fluid,  by  licking  it  away  externally;  and  to  tliiswe 
must  ascribe  the  fact,  that  the  part  FAiM  is  never  perfect- 
ly stagnant,  but  is  generally  disturbed  by  a  whirling  mo- 
tiflO.  We  may  aim  conclude,  that  this  stagnant  iluid  will 
be  more  bcun^ated  between  F  and  M  than  it  would  have 
been,  imk'i>endent  of  tt-nacity  and  frictimi;  and  lliat  the 
arch  LR  will,  on  the  contrary,  be  less  incurvatcd. — And, 
Ittlly,  we  may  conclude,  that  there  will  be  sometliing  op- 
posite to  pressure,  or  something  which  we  may  call  absiraC" 
fMNft,  exerted  on  the  posterior  port  of  the  body  which  moves 
in  a  tenacious  fltiid,  or  is  exposed  to  the  stream  of  such  a 
fltnd ;  for  the  stagnant  fluid  LCH  adheres  to  the  surface 
;  and  the  passing  fluid  tends  to  draw  it  away  both  by 
tenacity  and  by  its  friction.  This  must  augment  the 
:nt  impulse  of  the  stream  cm  such  a  body ;  and  it 
greatly  augment  the  resistance,  that  is,  the  motion 
by  tlus  body  in  its  progress  through  the  tenacious  fluid: 
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for  the  body  must  drag  along  with  it  this  stagnant  fliud, 
and  drag  it  in  opposition  to  the  tenadty  and  fzictian  of  the 
surrounding  fluid.  The  effect  of  this  is  most  remarkably 
seen  in  the  redstances  to  the  motion  of  pendulums ;  and 
the  Chevalier  Buat,  in  his  examination  of  Newton^s  experi- 
ments, clearly  shews  that  this  constitutes  the  greatest  part 
of  the  re^stance. 

This  most  ingenious  writer  has  paid  great  attention  to 
this  part  of  the  process  of  nature,  and  has  laid  the  founds 
tion  of  a  theory  of  re^stance  entirely  different  from  all 
the  preceding.  We  cannot  abridge  it ;  and  it  is  too  im- 
perfect in  its  present  condition  to  be  offered  as  a  body  of 
doctiine :  but  we  hope  that  the  ingenious  author  will  pn^ 
secute  the  subject. 


Wk  cannot  conclude  this  dissertation  (which  we  acknow- 
ledge to  be  very  unsatisfactory  and  imperfect)  better,  than 
by  ^ving  an  account  of  some  experiments  of  the  ChevaBer 
Buat,  which  seem  of  immense  consequence,  and  tend  to 
give  us  very  new  views  of  the  subject.  Mr  Buat  observed 
the  motion  of  water  issuing  from  a  glass  cylinder  through 
a  narrow  ring  formed  by  a  bottom  of  smaller  diameter; 
that  is,  the  cylinder  was  open  at  both  ends,  and  there  was 
placed  at  its  lower  end  a  circle  of  smaller  diameter,  by 
way  of  bottom,  which  lefl  a  ring  all  around.  He  threw 
some  powdered  sealing-wax  into  the  water,  and  observed 
with  great  attention  the  moUon  of  its  small  particles.  He 
saw  those  which  happened  to  be  in  the  very  axis  of  the 
cylinder  descend  along  the  axis  with  a  motion  pretty  uni- 
form, till  they  *jime  very  near  the  bottom ;  from  this  they 
continued  to  descend  very  slowly,  till  they  were  almost  in 
contact  with  the  bottom ;  they  then  deviated  from  the  ooi- 
tre,  and  approached  the  orifice  in  straight  lines  and  with 
an  accelerated  motion,  and  at  last  darted  into  the  oiifice 

1 


witii  great  rapidity.  He  had  observed  a  thbg  sinular  to 
this  in  a  horizontal  canal^  ia  which  he  hod  set  up  a  small 
board  like  a  dam  or  bar,  over  which  the  water  flowed.  He 
had  tltrown  a  gooseberry  into  the  water,  in  order  to  mea- 
sure the  velocity  at  the  bottom,  the  gooseberry  being  a 
small  mailer  heavier  than  water.  It  approached  the  dam 
imifomily  till  about  three  inches  from  it.  Here  it  almost 
stood  still,  but  it  ctutiuucd  to  advance  till  almost  in  con- 
tact. It  then  rose  from  the  bottom  along  the  inside  of 
I  die  dam  with  an  accelerated  motion^  and  quickly  escaped 
over  t])€  top. 

L  Hence  he  concluded,  that  the  water  which  covers  the 
^^ferior  part  of  the  body  cxposetl  to  the  stream  is  not  per- 
HRly  stagnant,  and  that  the  filaments  recede  from  the 
■axis  in  curves,  which  converge  to  the  surface  of  the  bo<ly 
'as  difierent  hyperbolas  converge  to  the  same  assymptote, 
and  tliat  they  move  with  a  velocity  continually  increasing, 
k^they  escape  round  the  sides  of  the  body. 
^0b  had  established  (by  a  pretty  reasonable  theory,  con- 
firmed by  experiment)  a  proposition  concerning  the  pres- 
Kurc  whicti  water  in  motion  exerts  on  the  surface  along 
vbich  it  glides,  viz.  that  (lit  prcsmre  h  equal  to  tJiat  which 
U  toouM  exert  if  at  rest  minus  the  •wciglU  of  the  column 
Ufhode  ftetglU  would  produce  the  velocity  of  the  passing 
Hream*  Consequently  the  pressure  which  die  stream  ex- 
jtrLs  on  tlie  surface  j>erpendicularly  exposed  to  it  will  do- 
Uend  on  the  velocity  with  which  it  glides  along  it,  and  will 
'iioinibh  from  the  centre  to  the  circi'mference.  This,  says 
le,  may  be  the  rcotjon  why  the  impulse  on  a  plane  wholly 
is  but  one  half  of  that  on  a  plane  which  deflects 
whole  stream. 
He  contrived  a  very  ingenious  instrument  for  examining 
theory.  A  square  brass  plate  ABGF  (Fig.  20.)  was 
ierced  with  a  great  number  of  boles,  and  fixed  in  the  front 
shallow  box  represented  cdgewiae  in  Fig.  21.  The 
of  lliis  box  was  picrcctl  with  a  hole  C,  in  which  was 
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inserted  the  tube  of  glass  CD£,  bent  square  at  D.  This 
instrument  was  exposed  to  a  stream  of  water,  which  bnt 
on  the  brass  plate.  The  water  having  filled  the  box  through  \ 
the  holes,  stood  at  an  equal  height  in  the  glass  tube  when 
the  surrounding  water  was  stagnant;  but  when  it  was  m 
motion,  it  always  stood  in  the  tube  above  the  level  of  ibe 
smooth  water  without,  and  thus  indicated  the  pressure  i» 
casioned  by  the  action  of  the  stream. 

When  the  instrument  was  not  wholly  imiAerBed,  then 
was  always  a  considerable  accumulation  against  the  fnot 
of  the  box,  and  a  depression  behind  it.  The  water  bete 
it  was  by  no  means  stagnant :  indeed  it  should  not  be»  v 
Mr  Buat  observes ;  for  it  consists  of  the  water  which  WM 
escaping  on  all  sides,  and  therefore  upwards  from  the  asdi 
of  the  stream,  which  meets  the  plate  perpendicularly  inC 
con^derably  under  the  surface.  It  escapes  upwards ;  and 
if  the  body  were  sufficiently  immersed,  it  would  esca^  is 
this  direction  almost  as  easily  as  laterally.  But,  in  the 
present  circumstances,  it  heaps  up,  tilt  the  elevation  oon- 
sions  it  to  fall  off  sidewisc  as  fast  as  it  is  renewed.  When 
the  instrument  was  immersed  more  than  its  semidiameter 
under  the  surface,  the  water  still  rose  above  the  level,  and 
there  was  a  great  depression  immediately  behind  this  der»- 
tion.  In  consequence  of  this  difficulty  of  escaping  upwanfay 
the  water  flows  off  laterally ;  and  if  the  horizontal  dimen- 
sions of  the  surface  is  great,  this  lateral  efflux  becomes  more 
difficult,  and  requires  a  greater  accumulation.  From  thii 
it  happens,  that  the  resistance  of  broad  surfaces  equally 
immersed  is  greater  than  in  the  proportion  of  the  breadth. 
A  plane  of  two  feet  wide  and  one  foot  deep,  when  it  is  not 
completely  immersed,  will  be  more  resisted  than  a  p!*n* 
two  feet  deep  and  one  foot  wide ;  for  there  will  be  an  se- 
cumulation  against  both  ;  and  even  if  these  were  equal  in 
height,  the  additional  surface  will  be  greatest  in  the  wideit 
body ;  and  the  elevation  will  be  greater,  because  the  late- 
ral escape  is  more  difficult. 
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he  drcumstances  chiefly  to  be  attended  to  are  these  : 
he  pressure  on  the  centre  was  much  greater  tlian  to- 
la the  border,  and,  In  general,  the  height  of  the  water 
le  tube  D£  was  more  than  4  of  the  height  necessary  for 
udng  the  velocity  when  only  the  central  hole  was  open. 
ea  vaiious  holes  were  opened  at  different  distances  from 
isentre,  the  height  of  the  water  in  DH  (Fig,  23.)  conti- 
ly  diminished  as  the  hole  was  nearer  the  border.  At  a  ccr- 
distance  from  the  border  the  water  at  £  was  level  with 
surrounding  water,  so  that  no  pressure  was  exerted  on 
hde.  But  the  most  unexpected  and  remarkable  drcum- 
ce  was,  that  in  great  velodties,  the  holes  at  the  very 
ler,  and  even  to  a  small  distance  from  it,  not  only  sus- 
n1  no  pressure,  but  even  gave  out  water ;  for  the  wa^ 
D  the  tube  was  lower  than  the  surrounding  water.  Mr 
t  calls  this  a  non-pression.  In  a  case  in  which  the  ve- 
j  of  the  stream  was  three  feet,  and  the  pressure  on  the 
ral  hole  caused  the  water  in  the  vertical  tube  to  stand 
ines  or  f  J  of  an  inch  above  the  level  of  the  surround- 
nnooth  water,  the  action  on  a  hole  at  the  lower  comer 
lie  square  caused  it  to  stand  1£  lines  lower  than  the 
Dunding  water.  Now  the  velocity  of  the  stream  in  tliis 
ziment  was  36  inches  per  second.  This  requires  21^ 
i  for  its  productive  fall ;  whereas  the  pressure  on  the 
ral  hole  was  38.  This  appipoaches  to  the  pressure  on 
rfaoe  which  deflects  it  wholly.  The  intermediate  holes 
i  every  variation  of  pressure,  and  the  diminution  was 
e  rapid  as  the  holes  were  nearer  the  edge ;  but  the  law 
innntttion  could  not  be  observed. 
'his  is  quite  a  new  and  most  unexpected  circumstance 
le  action  of  fluids  on  sohd  bodies,  and  renders  the  sub- 
more  intricate  than  ever ;  yet  it  is  by  no  means  incon- 
nt  with  die  genuine  principles  of  hydrostatics  or  hy- 
ilics.  In  as  far  as  M.  Uuat^s  proposition  concerning 
pressure  of  moving  fluids  is  true,  it  is  very  reasonable 
ly,  tliat  when  the  lateral  velocity  with  which  tlie  flu*»'' 


344  RESISTANCE  OF  FLUIDS. 

tends  to  escape  exceeds  the  velocity  of  percussion^  the  hdght 
necesssarj  for  producing  this  velodty  must  exceed  thit 
which  would  produce  the  other,  and  auon-presacm  must  be 
observed.  And  if  we  con^dcr  the  forms  of  the  lateral  iOih 
ments  near  the  edge  of  the  body,  we  see  that  the  caacmttf 
of  the  curve  is  turned  towards  the  body,  and  that  die  eo- 
trifugal  forces  tend  to  diminish  their  pressure  on  the  bodf. 
If  the  middle  alone  were  struck  with  a  considerable  Tda- 
city,  the  water  might  even  rebound,  as  is  fiequently  oK 
served.  This  actual  rebounding  is  here  prevented  fay  tk 
surrounding  water,  which  is  moving  with  the  same  veh^ 
city :  but  the  pressure  may  be  almost  annihilated  by  the 
tendency  to  rebound  of  the  inner  filaments. 

Fart  (and  perhaps  a  considerable  part)  of  this  a{^p8rent 
non-pression  is  undoubtedly  produced  by  the  tenacity  of 
the  water,  which  licks  off  with  it  the  water  lying  in  the 
hole.  But,  at  any  rate,  this  is  an  important  fact,  andgifv 
great  value  to  these  experiments.  It  ^ves  a  key  to  may 
curious  phenomena  in  the  resistance  of  fluids ;  and  die 
theory  of  Mr  Buat  deserves  a  very  serious  conadendaiL 
It  is  all  contuned  in  the  two  following  proportions: 

1.  ^''Ifly  any  cause  whatever,  a  column  ofjluidy  vht^ 
iher  making-  part  of  an  indefinite  Jtuid^  or  contained  m 
solid  canals,  come  to  move  with  a  given  veloci^,  thepnh 
sure  which  it  exerted  laterally  before  its  motion^  either  m 
the  adjoiningjluid  or  on  the  sides  of  the  canai,  is  dimim^ 
ed  hy  tlie  weigfU  <^  a  column  liaving  the  height  necestmy 

for  communicating  the  velodty  of  the  motion, 

2.  "  The  pressure  on  tJte  centre  of  a  plane  surfbeey  pet- 
pendicular  to  the  stream,  and  wholly  immersed  in  U^  it 
\  of  the  weight  of  a  column  having  the  Tteighi  neeetsmj 

Jbr  communicatiug  the  velocity.    For  S3  w  J  ^  3^14" 

He  attempted  to  ascertain  the  medium  pressure  on  Ae 
whole  surface,  by  opening  625  holes  dispersed  all  Ofer  it 
With  the  same  velocity  of  current,  he  found  the  hd^ift 
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the  tube  to  be  39  lines,  or  7i  more  than  the  height  nece*- 
sary  for  producing  the  velocity.  But  lie  justly  concluded 
this  to  be  loo  great  a  measure,  because  the  holes  were  \  of 
an  inch  from  the  edge:  had  there  been  holes  at  the  very 
edge,  they  would  have  sustained  a  uon*pressioii)  which 
would  liAve  diminislied  the  height  in  the  tube  very  consi- 
derably. He  exposed  to  the  some  stream  a  conical  funnel, 
which  raised  the  water  to  3^  liues.  But  this  could  not  be 
considered  as  a  measure  of  the  pressure  on  a  plane  solid 
surface ;  for  the  central  water  was  undoubtedly  scooped 
out,  as  it  were,  and  the  filaments  much  more  deflected  than 
they  would  have  ix^n  by  a  plane  surface.  Perhaps  some- 
thing of  this  happened  even  in  every  small  hole  in  the  for- 
joer  Gxperimeuts.  And  this  suggests  some  doubt  as  to  the 
accuracy  of  the  measurement  of  tlie  pressure,  and  of  Uie 
velocity  of  a  current  by  Mr  Pitot's  tube.  It  surely  ren- 
flome  corrections  absolutely  necessary.  It  is  a  fact» 
when  exposed  to  a  vein  of  fluid  coming  through  a 
passage,  the  water  in  the  tube  stands  on  a  level  with 
in  the  reservoir.  Now  we  know  that  the  velocity  of 
stream  doe^  not  exceed  what  would  be  produced  by  a 
iail  equal  to  1V0  ^^  ^^  hc^d  of  water  in  the  reservoir.  Mr 
I  made  many  valuable  observations  and  improvements 
most  useful  instrument,  whicli  will  be  taken  notice 
the  articles  Rivrhs  and  Watkr-Works. 
r  Buat,  }]y  a  scrupulous  attention  to  all  the  circum- 
concludes,  that  tlie  medium  of  pressure  on  tlie 

26.5 
whole  surface  is  e(^ua1  to      '  ^  of  the  weight  of  a  column, 

ing  tlte  surface  for  its  base^  and  the  productive  fall  for 

X,     But  we  think  that  there  is  an  uncertmntv  in 

conclusion  ;  because  the  height  of  the   water  in  tlte 

cal  tube  was  undoubtedly  augmented  by  an  liydrosta- 

prcHxurc  ariMng  from  the  accumulate 

body,  which  was  exposed  to  the  strt- 

Uie  pressures  are  as  the  squares 
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OS  tbc  heights  h  which  produce  the  velocities,  we  may  ex- 

25.5 

press  this  pressure  by  the  symbol  ^=~  7i,  or  1.186  A,  « 

mhy  the  value  of  m  being  1.186.  This  exceeds  conada- 
ably  the  results  of  die  experiments  of  the  French  ac&deoy. 
In  these  it  docs  not  appear  that  m  senubly  exceeds  unitf. 
Note,  that  in  these  experiments  the  body  was  nuTcd 
through  still  water;  here  it  is  exposed  to  a  stream.  That 
are  generally  supposed  to  be  equivalent,  on  the  authority  of 
the  third  law  of  motions.  We  shall  by  and  by  see  some 
causes  of  difierenCe. 

The  writers  on  diis  subject  seem  to  think  their  task  ooiD' 
pleted  when  they  have  considered  the  action  of  the  flind 
on  the  anterior  part  of  the  body,  or  that  part  of  it  whi^  is 
before  die  broadest  section,  and  have  pud  little  orno  at- 
tention to  the  hinder  part.  Yet  those  who  are  most  iiite> 
rested  in  the  subject,  the  naval  architects,  sieem  convinced 
that  it  is  of  no  less  importance  to  attend  to  the  form  of  the 
hinder  j)art  of  a  ship.  And  the  universal  practice  of  iH 
nations  has  been  to  make  the  hinder  part  more  acute  thia 
the  fore-part.  This  has  undoubtedly  been  deduced  firao 
experience;  for  it  is  in  direct  ppposition  to  any  notion 
which  a  person  would  naturally  form  on  this  subject  Mr 
Buat  therefore  thought  it  very  necessary  to  examine  the 
action  of  the  water  on  the  hinder  part  of  a  body  by  tbe 
samemeUiod.  And  previous  to  this  examination,  in  coder 
to  acquire  some  scientific  notions  of  the  subject,  he  made 
the  following  very  curious  and  instructive  experiment: 

Two  little  conical  pipes  AB  (Fig.  22.)  were  inserted  into 
the  upright  side  of  a  prismatic  vessel.  They  were  an  inch 
long,  and  Uieir  diameters  at  the  inner  and  outer  eadB  woe 
five  and  four  lines.  A  was  57  lines  under  the  surfitt^ 
and  B  was  73.  A  glass  syphon  was  made  of  the  flhipe 
represented  in  the  figure,  and  its  internal  diameter  was  U 
lines.  It  was  placed  with  its  mouth  in  the  axis,  aiid««ift 
with  die  base  of  the  conical  pipe.     The  ppes 
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the  vessel  was  fiUed  with  water,  and  it  was  made  to  stand 
on  a  level  in  the  two  legs  of  the  syphon,  the  upper  part  be- 
ing full  of  ur.  When  this  syphon  was  applied  to  the  pipe 
A,  and  the  water  running  freely,  it  rose  32  lines  in  the 
tbart  leg,  and  sunk  as  much  in  the  other.  When  it  was 
ipplied  to  the  pipe  B,  the  water  rose  41  lines  in  the  one  leg 
of  the  syphon,  and  sunk  as  much  in  the  other. 

He  reasons  in  this  manner  from  the  experiment  The 
ring  oomprehended  between  the  end  of  the  syphon  and 
the  ffldes  of  the  conical  tube  being  the  narrowest  part  of 
the  onfioe,  the  water  issued  with  the  velocity  correspond- 
ing to  the  h^ght  of  the  water  in  the  vessel  above  the  ori- 
Soe,  diminished  for  the  contraction.  If  therefore  the  cy- 
linder of  water  immediately  before  the  mouth  of  the  sy- 
phon issued  with  the  same  velodty,  the  tube  would  be 
BOiptied  through  a  height  equal  to  this  head  of  water 
{Airge.)  If,  on  the  contrary,  this  cylinder  of  water, 
unmediately  before  the  mouth  of  the  syphon,  were  stag- 
mnty  the  water  in  it  would  exert  its  full  pressure  on  the 
mouth  of  the  syphon,,  and  the  water  in  the  syphon  would 
be  level  with  the  water  in  the  vessel.  Between  these  ex- 
Cremea  we  must  find  the  real  state  of  the  case,  and  we  must 
measure  the  force  of  non-pressure  by  the  rise  of  the  water 
in  the  syphon. 

We  see  that  in  both  experiments  it  bears  an  accurate  pro. 
portion  to  the  depth  under  the  surface.  For  57 :  73  = 
W :  41  very  nearly.  He  therefore  estimates  ihe  non-pres- 
sure to  be  //^  of  the  height  of  the  water  above  the  orifice. 

We  are  disposed  to  think  that  the  ingenious  author  has 
not  reasoned  accurately  from  the  experiment.  In  the  first 
place,  the  force  indicated  by  the  experiment,  whatever  be 
its  origin,  is  certainly  double  of  what  he  supposes ;  for  it 
must  be  measured  by  the  sum  of  the  rise  of  the  water  in 
one  kg,  and  its  depression  in  the  other,  the  weight  of  the 
rir  in  the  bend  of  the  syphon  being  neglected.  It  is  pre- 
caselj  analogous  to  the  force  acting  on  the  water  oscillating 

6 
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in  a  syphon,  which  is  acknowledged  to  be  the  mm  of  die 
elevation  and  depression.     The  force  indicated  by  the  o- 
penment  therefore  is  |  Jg  of  the  height  of  the  water  iboR 
the  orifice.     The  force  exhibited  in  this  experiment  bens 
a  still  greater  proportion  to  the  productive  height;  far  it 
is  certain  that  the  water  did  not  issue  with  the  vdoatj  t^ 
quired  by  the  fall  from  the  surface,  and  probably  did  not 
exceed  |  of  it    The  effect  of  contraction  must  have  ben 
confflderable  and  uncertain.      The  velocity  should  hm 
been  measured  both   by   the  amplitude  of  the  jet  mA 
by  the  quantity  of  water  discharged.     In  the  next  phov 
we  apprehend  that  much  of  the  effect  is  produced  by  tk 
tenadty  of  the   water,    which  drags  along  with  it  die 
water  which  would  have  slowly  issued  irom  the  sypboi^ 
had  the  other  end  not  dipped  into  the  water  of  the  veeieL 
We  know,  that  if  the  horizontal  part  of  the  ^phon  hid 
been  continued  far  enough,  and  if  no  retardation  were  » 
casioned  by  friction,  the  column  of  water  in  the  upngb 
leg  would  have  accelerated  like  any  heavy  body ;  and  when 
the  last  of  it  had  arrived  at  the  bottom  of  that  1^,  the 
whole  in  the  horizontal  part  would  be  moving  with  the  vfr 
locity  acquired  by  falling  from  the  surface.     The  water  flf 
the  vessel  which  issues  through  the  surrounding  ring  vefj 
quickly,  acquires  a  much  greater  velocity  than  what  the 
water  descending  in  the  syphon  would  acquire  in  the  nme 
time,  and  it  drags  this  last  water  along  with  it  both  hjVt- 
nacity  and  friction,  and  it  drags  it  out  till  its  action  is  ap- 
posed by  the  want  of  equilibrium  produced  in  the  syphoOi 
by  the  elevation  in  the  one  leg  and  the  depression  in  the 
other.     We  imagine  that  little  can  be  concluded  from  the 
experiment  with  respect  to  the  real  non-pressure.     Nay,  if 
the  sides  of  the  syphon  be  supposed  infinitely  tlun,  ao  thil 
there  would  be  no  curvature  of  the  filaments  of  the  wt 
rounding  water  at  the  mouth  of  the  syphon,  we  do  not  toJ 
distinctly  see  any  source  of  non-pressure :  For  we  an  Mt 
altogether  satisfied  with  the  proof  which  Mr 
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this  measure  of  the  pressure  of  a  stream  of  fluid  gliding 

a  surface,  and  obHrucied  by  friction  or  any  other 

~&xu9e.     We  imagine  that  passing  water  in  the  present  ex- 

T         lent  would  be  a  little  retarded  by  accelerating  conli- 

II'      J  the  water  descending  in   the  syphon,  and  renewed 

■ktop,  supposing  the  upper  end  open ;  because  this  water 

Should  not  of  itself  acquire  more  than  half  this  velocity.    It 

Hiowcver  drags  it  out,  till  it  not  only  rcsiats  with  a  force 

.ci^ual  to  the  weight  of  the  whole  vertical  column,  but  even 

^■Deeds  it  by  ^'/q.     This  it  is  able  to  do,  because  the  whole 

^p*«wre  by  which  the  water  issues  from  an  ori(ice  has  been 

shown  (by  Daniel  Bernoulli)   to  be  equal  to  twice  this 

Weight.     We  therefore  consider  this  beautiful  experiment 

as  chiefly  valuable,  by  giving  us  a  measure  of  the  tenacity 

of  the  water ;  and  we  wish  that  it  were  repeated  in  a  va- 

ty  uf  depths,  in  order  to  discover  what  relation  tlie 
exerted  bears  to  tlie  depth.  It  would  seem  that  the 
Snacity,  bebg  a  certain  determinate  thing,  the  propor- 
tion  of  100  to  112  would  not  be  constant;  and  thai  the 
observed  ratio  would  be  made  up  of  two  parts,  one  of  them 
constant,  and  the  other  proportional  to  the  doptli  under  the 
surface. 

But  still  this  experiment  ia  intimately  connected  with  the 
matter  in  hand ;  and  this  apparent  non-pressure  on  the 
hinder  part  of  a  body  exposed  to  a  stream,  from  whatever 
causes  it  proceeds,  does  operate  in  the  action  of  water  on 
this  hinder  pait,  and  must  be  taken  into  the  account. 

We  must  therefore  follow  the  Chevalier  dc  Buat  in  hia 
^wcxissions  on  this  subject.  A  prismatic  body,  having  its 
^bw  and  poop  equal  and  parallel  surfaces,  and  plunged 
horizoDtally  into  a  fluid,  will  require  a  force  to  keep  it  firm 
in  the  direction  of  its  axis  precisely  ctjual  to  the  difference 
between  the  real  pressures  exerted  aa^^BjQwand  poop. 
Jf  the  fluid  is  at  rest,  thi|rfHM^^^^^^^^piing,  be. 
^ksc  the  oppoeate  dM^^^^^^^^^^^^^B^ 
Bbt  in  a  fitR'flin,   ll 
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on  the  prow  the  active  pressure  aiislng  from  the  defiectioiii 
of  the  filaments  of  this  fluid. 

If  the  dead  pressure  on  the  poop  remained  in  its  fuU  in- 
tensity by  the  perfect  stagnation  of  the  water  belund  it,  the 
whole  sensible  pressure  on  the  body  would  be  the  acdve 
pressure  only  on  the  prow,  represented  by  m  A.  If,  on  the 
other  hand,  we  could  suppose  that  the  water  behind  the 
body  moved  continually  away  from  it  (bdng  renewed  Lip 
terally)  with  the  velocity  of  the  stream,  the  dead  pressure 
would  be  entirely  removed  from  its  poop,  and  the  whole 
sensible  pressure,  or  what  must  be  opposed  by  some  exter- 
nal force,  would  be  mh-\-h.  Neither  of  these  can  happen; 
and  the  real  state  of  the  case  must  be  between  these  ex- 
tremes. 

The  following  experiments  were  tried :  The  perforated 
box  with  its  vertical  tube  was  exposed  to  the  stream,  the 
brass  plate  being  turned  down  the  stream.  The  velocity 
was  again  3G  inches  per  second. 

The  central  bole  A  alone  being  opened,  gave  a  non- 
pressure  of  -  -  13  lines. 
A  hole  B,  I  of  an  inch  from  the  edge,  gave       15 
A  hole  C  near  the  surface                 -  15.7 
A  hole  D,  at  the  lower  angle                 -             15.S 
Here  it  appears  that  there  is  a  very  considerable  non* 
pressure,  increasing  from  the  centre  to  the  border.     This 
increase  undoubtedly  proceeds  from  the  greater  lateral  ve- 
locity with  which  the  water  is  gliding  in  from  the  sides. 
The  water  behind  was  by  no  means  stagnant,  although 
mo^ng  off  with  a  much  smaller  velocity  than  that  of  the 
passing  stream,  and  it  was  visibly  removed  from  the  sidesi 
and  gradually  licked  away  at  its  further  extremity. 

Another  box,  having  a  greater  number  of  holes,  all 
open,  indicated  a  medium  of  non-pressure  equal  to  13}- 
lines. 

Another  of  larger  dimensions,  but  having  fewer  hdbft 
indicated  a  non-pressure  of  12  i.  < 
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But  the  most  remarkable,  and  the  most  impwtant  phe- 
nomena, were  the  following : 

The  first  box  was  fixed  to  the  side  of  another  box,  so 
that,  when  all  was  made  smooth,  it  made  a  perfect  cube, 
of  which  the  perforated  brass  plate  made  the  poop. 

The  apparatus  being  now  exposed  on  the  stream,  with 
the  perforated  plate  looking  down  the  stream. 

The  hole  A  indicated  a  non-impression        -        =  7.2 
B  -  -  -  8 

C  -  -  •  -  6 

Here  was  a  great  diminution  of  the  non-pressions  pro- 
duced bj  the  distance  between  the  prow  and  the  poop. 

This  box  was  then  fitted  in  the  same  manner,  so  as  to 
make  the  poop  of  a  box  three  feet  long.  In  this  situation 
the  non-pressures  were  as  follow : 

Hole  A  -  .  -  1.5 

B  -  -  .  ^.  8.2 

The  non-pressions  were  still  farther  diminished  by  this 
increase  of  length. 

The  box  was  then  exposed  witli  all  the  holes  open,  in 
three  different  situations : 

Ist,  Single,  giving  a  non-pressure  -  IS.l 

Jid,  Making  the  poop  of  a  cube        -  -         .   5.5  . 

Sd,  Making  the  poop  of  a  box  three  feet  long  S.O 

Another  larger  box  : 

.     1st,  Single  -  -  -      '        12.2 

2d,  Poop  of  a  cube  -  -  -  5. 

3d,  Poop  of  the  long  box  -  -  3.2 

These  are  most  valuable  experiments.  They  plainly 
■how  how  important  it  is  to  consider  the  action  on  the  hin- 
der port  of  the  body.  For  the  whole  impulse  or  resist- 
aooe,  whidi  must  be  withstood  or  overcome  by  the  exter- 
nal force,  is  the  sum  of  the  active  pressure  on  the  fore- 
part, and  of  the  non-prcssurc  on  (Iil  Ii  '  nd 
ihej  allow  that  this  does  not  difpettd'  k-^  <  f' 
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the  prow  and  poop,  but  a!so,  and  perhaps  chkfiy,  on  the 
length  of  the  body.  We  see  that  the  non-pressure  on  the 
hinder-part  was  prodigiously  diminished  (reduced  to  one- 
fourth)  by  making  the  length  of  the  body  triple  of  tiie 
breadth.  And  hence  it  appears,  that  merely  letigthmiiig 
a  ship,  without  making  any  change  in  the  form  dther  of 
her  prow  or  her  poop,  will  greatly  diminish  the  resisltnae 
to  her  motion  through  the  water ;  and  this  incrase  of 
length  may  be  made  by  continuing  the  form  of  the  nud- 
ship  frame  in  several  timbers  along  the  keel,  by  which  the 
capacity  of  the  ship,  and  her  power  of  carrying  sail,  will  be 
greatly  increased,  and  her  other  qualities  improved,  idule 
her  speed  is  augmented. 

It  b  surely  of  importance  to  consider  a  little  the  pfcyn* 
cal  cause  of  this  change.  The  motions  are  extremely  com- 
plicated, and  we  must  be  contented  if  we  can  but  peroetve 
a  few  leading  circumstances. 

The  water  is  turned  aside  by  the  anterior  part  a£  the 
body,  and  the  velocity  of  the  filaments  is  increased,  and 
they  acquire  a  divergent  motion,  by  which  they  also  push 
aside  the  surrounding  water.  On  each  side  of  the  body, 
therefore,  they  are  moving  in  a  divergent  directum,  and 
with  an  increased  velocity.  But  as  they  are  on  all  aides 
pressed  by  the  fiuid  without  them,  their  motions  gradually 
approach  parallelism,  and  their  velocities  to  an  equality 
with  the  stream.  The  progressive  velocity,  or  that  in  the 
direction  of  the  stream,  is  checked,  at  least  at  first  But 
since  we  observe  the  filaments  constipated  round  the  body, 
and  that  they  are  not  defiected  at  right  angles  to  their  for- 
mer direction,  it  is  plain  that  the  real  velocity  of  a  filament 
in  its  oblique  path  is  augmented.  We  always  observe, 
that  a  stone  lying  in  the  sand,  and  exposed  to  the  wash  of 
the  sea,  is  Imd  bare  at  the  bottom,  and  the  sand  is  gene- 
rally washed  away  to  some  distance  all  round.  This  is 
owing  to  the  increased  velocity  of  the  water  which  cooks 
into  contact  with  the  stone.     It  takes  up  more  sand  than 
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h  can  keep  floating,  and  it  deposites  it  at  a  little  distAnce 
lU  around,  forming  a  little  bank,  which  surrounds  the 
fltone  at  a  small  distance.  When  the  filaments  of  water 
lave  passed  the  body,  they  nre  pressed  by  tlie  ambient 
fluid  ioto  the  place  which  it  has  quitted,  and  they  glide 
round  its  stem,  and  fill  up  the  space  behind.  The  more 
(iivergent  and  the  more  rapid  they  are,  when  about  to  fall 
in  behind,  the  more  of  the  circumambient  pressure  must 
be  employed  to  turn  them  into  the  trough  behind  the  bo- 
dy, and  lesfi  of  it  will  remain  to  pre^  them  to  tlie  IxKly  it- 
self. The  extreme  of  this  must  obtain  when  the  stream  is 
obstructed  by  a  thin  plane  only-  But  when  there  is  some 
distance  between  the  prow  and  the  poop,  the  divergency 
of  the  filaments  which  had  been  turned  aside  by  the  prow 
tf  diminished  by  the  time  that  they  have  come  abreast  of 
the  stem,  and  should  turn  in  behind  it.  They  are  there- 
we  more  readily  made  to  converge  behind  the  body,  and 
■  more  considerable  part  of  the  surrounding  pressure  re- 
■Dftos  unexpended,  and  therefore  presses  the  water  against 
t  Ine  stern  ;  and  it  is  evident  that  this  advantage  must  be 
^B  ttmuch  the  greater  as  the  body  is  longer.  But  the  nd- 
^Vltetage  will  soon  be  susceptible  of  no  very  considerable 
W  Bicrease :  for  the  lateral,  and  divergent,  and  accelerated 
I  filunenls,  will  soon  become  so  nearly  parallel  and  equally 
I  njnd  with  the  rest  of  the  stream,  tliat  a  great  increase  of 
length  will  not  make  any  considerable  change  in  tliese  par- 
ticulars ;  and  it  must  be  accompanied  with  an  increase  of 
friction. 

These  are  very  obvious  reflections.  And  if  we  attend 
minutely  to  the  way  in  which  the  almost  stagnant  fluid  be- 
hind the  body  is  expended  and  renewed,  we  shall  sec  all 
these  effects  confirmed  and  augmented.  But  as  we  cannot 
■ay  any  thing  on  this  subject  that  is  precise,  or  that  can  be 
made  the  subject  of  computation,  it  is  needless  to  enter 
into  a  more  minute  discussion.     The  diminution  of  the 

ost  probably  arises  from 
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the  smaller  force  which  is  necessary  to  be  expended  in  the 
inflection  of  the  lateral  filaments,  ahr^idy  inflected  in  aone 
degree^  and  having  their  velocity  diminished.  But  it  is  a 
subject  highly  deserving  the  attention  of  the  mathemitt 
dans ;  and  we  presume  to  invite  them  to  the  study  of  Ae 
motions  of  these  lateral  filaments,  passing  the  body,  and 
pressed  into  its  wake  by  forces  which  are  susceptible  of  no 
difilcult  investigation.  It  seems  highly  probable,  that  if  a 
prismatic  box,  with  a  square  stem,  were  fitted  with  an  ad- 
dition predsely  shaped  like  the  water  which  would  (ab- 
stracting tenacity  and  friction)  have  been  stagnant  bdiind 
it,  the  quantity  of  non-pression  would  be  the  small- 
est possible.  The  mathematician  would  surely  disconr 
circumstances  which  would  furnish  some  maxims  of 
construction  for  the  hinder  part  as  well  as  for  the  jhow. 
And  as.  his  speculations  on  this  last  have  not  been  whollj 
fruitless,  we  may  expect  advantages  from  his  attentioa  to 
this  part,  so  much  neglected. 

In  the  meantime,  let  us  attend  to  the  deductions  wludt 
Mr  de  Buat  has  made  from  his  few  experiments. 

When  the  velocity  is  three  feet  per  second,  requirii^ 
the  productive  height  21.5  lines,  the  heights  correspond- 
ing to  the  non-pressure  on  the  poop  of  a  thin  plane  is 
14.41  lines  (taking  in  several  circumstances  of  judidous 
correction,  which  we  have  not  mentioned),  that  of  a  foot 
cube  is  5.83,  and  that  of  a  box  of  triple  length  is  3.31. 

Let  q  express  the  variable  ratio  of  these  to  the  hd^t 
producing  the  velocity,  so  tliat  q  h  may  express  the  non- 
pressure  in  every  case ;  we  have. 

For  a  thin  plane  -  -  -  j=0.67 

a  cube  _  -  -  -  QS,1\ 

a  box  =  3  cubes  -  -  -      '  0.155 

It  is  evident  that  the  value  of  q  has  a  dependence  on 
the  proportion  of  the  length,  and  the  transverse  section  of 
the  body.  A  series  of  experiments  on  prismaUc  bodies 
sliowed  Mr  de  Buat  that  the  deviation  of  the  fibimcnts  wai 
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dlar  in  nmilar  bodies,  and  that  this  obtuned  even  in 
nmilar  prisms,  when  the  lengths  were  as  the  square- 
its  of  the  tranverse  sections.  Although  therefore  the 
leriments  were  not  sufficiently  numerous  for  deducing 
t  precise  law,  it  seemed  not  impossible  to  derive  from 
m  a  very  useful  approximation.  By  a  dexterous  com- 
iaon  he  found  that  if  2  expresses  the  length  of  the 
naif  and  s  the  area  of  the  transverse  section,  and  L  ex- 
SBCS  the  common  logarithm  of  the  quantity  to  which 
s  prefixed,  we  shall  express  the  non-pressure  pretty  ac- 

ratdy  by  the  formula  —  =  L  f  1.42  — -\ 

Elence  arises  an  important  remark,  that  when  the  height 
responding  to  the  non-presdon  is  greater  than  j^Sy  and 
:  body  is  little  immersed  in  the  fluid,  there  will  be  a 
d  behind  it.  Thus  a  surface  of  a  square  inch,  just  im- 
ned  in  a  currrent  of  three  feet  per  second,  will  have  a 
d  behind  it.  A  foot  square  will  be  in  a  similar  condi- 
1  when  the  velocity  is  12  feet. 

We  must  be  careful  to  distinguish  this  non-pressure  from 
:  other  causes  of  resistance,  which  are  always  necessarily 
afa&ned  with  it.  It  is  superadditive  to  the  active  im- 
isaon  on  the  prow,  to  the  statical  pressure  of  the  accu- 
ilauon  a-head  of  the  body,  the  statical  pressure  arising 
m  the  depression  behind  it,  the  eflects  of  friction,  and 
f  effects  of  tenacity.  It  is  indeed  next  to  impossible  to 
[mate  them  separately,  and  many  of  them  are  actually 
abined  in  the  measures  now  ^ven.  Nothing  can  de- 
oune  the  pure  non-pressures  till  we  can  ascertain  the 
tions  of  the  filaments. 

Ifr  de  Buat  here  takes  occadon  to  controvert  the  univer- 
ly  adopted  maxim,  that  the  pressure  occasioned  by  a 
sam  of  fluid  on  a  fixed  body  is  the  same  with  that  on  a 
\y  moving  with  equal  velocity  in  a  quiescent  fluid.     J^ 
eated  all  these  experiments  with  the  p^tfi] 
I  water.     The  general  distinction  wa% 
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pressures  and  tlie  non-pressure  in  tlus  case  were  leasy  and 
that  the  odds  were  chiefly  to  be  observed  near  the  e^^ 
of  the  surface.  The  general  factor  of  the  pressure  of  a 
stream  on  the  anterior  surface  was  m  =  1. 186 ;  but  thitt  oft 
a  moving  body  through  a  still  fluid  is  only  *i=3sl  He 
observed  no  non-pressure  even  at  the  very  edge  of  the 
prow,  but  even  a  sensible  pressure.  The  pressure,  then- 
fore,  or  rc^stance,  is  more  equally  diffused  over  the  lur- 
face  of  the  prow  than  the  impulse  is.^He  also  found  that 
the  resistances  diminished  in  a  less  ratio  than  the  squam 
of  the  velocities,  especially  in  small  velocities. 

Tlie  nun-pressures  increased  in  a  greater  rado  than  the 
squares  of  the  velocities.  The  ratio  of  the  velocities  to  a 
small  velocity  of  2^  inches  per  second  increased  geomeCn- 
cally,  the  value  of  q  increased  arithmetically  ;  and  we  mtj 
determine  q  for  any  velocity  V  by  this  proporUon 

l^^:L^^OM:q,andq=-^.     That  is,  let  the 

common  loganthm  of  the  velocity,  divided  by  SJ-,  be  con- 
sidered as  a  common  number ;  divide  this  common  num- 
ber by  2to»  the  quotient  is  q,  which  must  be  multiplied  fay 
the  productive  height.     The  product  is  the  pressure. 

When  Pilot's  tube  was  exposed  to  the  stream,  we  had 
m  =^  1 ;  but  wlicn  it  is  carried  through  still  water,  m  is  = 
1.2S.  When  it  was  turned  from  the  stream,  we  had^r: 
0.157 ;  but  when  carried  through  still  water,  q  is  =0.1381 
A  remarkable  experiment. 

When  the  tube  was  moved  laterally  through  the  water, 
so  that  die  motion  was  in  the  direction  of  the  plane  of  iU 
mouth,  the  non-pressure  was  =^  1.  Thbis  oneof  his  duef 
arguments  for  liis  theory  of  non-presaon.  He  does  not 
give  the  detail  of  the  experiment,  and  only  inserts  then^ 
suit  in  liis  table. 

As  a  body  exposed  to  a  stream  deflects  the  fluidi  faflip 
it  up,  and  increases  its  velocity ;  so  a  body  moved  thnwig^ 
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■tall  fluid  turns  it  aside,  causes  it  to  swell  up  before  it, 

gtTes  it  A  real  motion  alongside  of  it  in  tJie  opposite 

And  as  the  body  exposed  to  a  streatti  has  a 

thj  of  fluid  almost  stagnant  both  before  and  behind, 

body  moved  ilirougli  a  still  fluid  carries  before  it  and 

after  it  n  quanity  of  fluid,  which  accampanics  it  with 

y  an  ei|ual  velocity.     This  addition  to  the  quantity 

tter  in  motion  must  make  a  diminution  of  its  velocity  ; 

thia  forms  a  very  considerable  part  of  the  observed  re- 

nce. 

We  cannot,  however,  help  remarking,  that  it  would  re- 
<]uire  very  distinct  and  strong  proof  indeed  to  overturn  the 
wocDmoo  opinion,  which  is  founded  on  our  most  certain  and 
ifaa|de  conceptions  of  motion,  and  on  a  law  of  nature  to 
which  we  have  never  observed  an  exception.  M.  de  Buat's 
experiments,  though  most  judiciously  contrived,  and  exe- 
cuted with  scrupulous  care,  are  by  no  means  of  this  kind. 
They  were,  of  absolute  necessity,  very  complicated  ;  and 
nunj  circumstances,  impossible  to  avoid  or  to  appreciate, 
rendered  the  observation,  or  at  least  the  comparison,  of  the 
velocities,  very  uncertain. 

We  can  sec  but  two  circumstances  which  do  not  admit 
of  aa  eft«y  or  immediate  comparison  in  the  two  states  of  the 
problem.  Wlien  a  body  is  exposed  to  a  stream,  in  our  €X* 
meniSf  in  order  to  have  an  impulse  made  on  it,  there 
tending  to  move  the  body  backwards,  independ- 
ihe  real  impulse  or  pressure  occasioned  by  the  d^ 
n  of  the  stream.  We  cannot  have  a  stream  except 
uence  of  a  sloping  surface.  Suppose  a  body  float- 
is  stream.  It  will  not  only  sail  down  a/on^  tvUA 
j#fwrtn,  but  it  will  sail  down  the  stream^  and  will  there- 
fore go  faMer  along  tlie  canal  than  tfie  stream  does ;  for  it 
n  floating  on  an  inclined  plane  ;  and  if  we  examine  it  by 
kw9  of  hydrostatic*!,  we  shall  Gnd,  rbat*  bttlll^||Uciwa 
to  slide  down  this  hu  I  ' 

dro&tatical  pressure,  whicli  ^i 

L.  11.  Xa 
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It  will  therefore  go  along  the  canal  foster  than  iht 
For  this  acceleration  depends  on  Uie  diFerencc  of 
\%t  the  two  ends,  and  will  be  more  remarkable  a«  the  body 
\m  larger,  and  especially  as  it  is  longer.  Tliis  maj  be  !&»• 
^ctiy  observed.  All  floating  bodies  go  inti>  the atneam  (/ 
the  river,  because  there  they  find  the  smallest  obstnidiM 
to  the  acquisition  of  this  motion  along  the  inclined  pkiM: 
and  when  a  number  of  bodies  are  thus  iloating  down  tin 
atream,  die  largest  and  longest  outstrip  tlie  re«t.  A\ag^ 
wood  floating  down  in  this  manner  may  be  obserrrd  U 
make  its  way  very  fast  among  the  Chips  and  saw-dtttt  wioA 
float  alongside  of  it 

Now  when,  in  the  course  of  our  experiments^  a  bidv  b 
supported  against  the  action  of  the  stream,  aod  the  nnpiW 
is  measured  by  the  force  employed  to  support  it,  it  isphil 
that  part  of  this  force  is  employed  to  act  against  thjt  icb' 
dcncy  wiiich  the  body  has  to  outstrip  the  stream.  Ha 
docs  not  appeal"  in  our  cxperiuiail,  when  we  move  a  bpdf 
with  die  velocity  of  this  stream  through  still  water  hannj 
a  horizontal  surface. 

The  other  distinguishing  circumstance  is,  tliat  die  retinl* 
aUons  of  a  stream  arising  from  friction  are  found  to  W 
nearly  as  the  velocities.  When,  tlierefore,  a  itream  stffh 
ing  in  a  limited  canal  is  checked  by  a  body  put  in  ill  ^^% 
the  diminution  of  velocity  occasioned  by  the  frictiooof  tfai 
stream  having  already  produced  its  effect,  tbo  impubeii 
not  affected  by  it ;  but  when  tlie  body  puts  the  sdll  w»l« 
in  motion,  the  friction  of  the  bottom  produces  soow  dSsBlr 
by  retarding  the  recess  of  the  water.  This,  howerer,  me* 
be  next  to  nothing. 

L  ..The  chief  difference  will  arise  from  its  being  almort  in- 
pnsfflble  to  make  an  exact  comparison  of  the  TclodticB  .*  to 
when  a  body  is  moved  against  the  stream,  the  relalitew* 
locity  is  the  same  in  all  the  filaroents*  But  witen  wvc& 
pose -a  body  to  a  stream,  the  velocity  of  the  different  (U- 
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TTnot  tlic  same ;  because  it  decreases  from  the  muU 
i  of  the  stream  to  tlic  sides, 

M.  Duat  found  the  total  sensible  resistance  of  a  plate  IS 
tfaes  square,  and  measured,  not  by  tlie  height  of  water 
the  tube  of  the  perforated  box,  but  by  weights  acting  on 
t  am  of  a  balance^  having  its  centre  15  inches  under  the 
l&oe  of  a  stream  moving  three  feet  per  secQnd,  to  be 
^46-  pounds ;  that  of  a  cube  of  tlio  Rome  dimcnaions  was 
iSS;  and  (hat  of  a  prism  three  feet  lung  was  13.87; 
3  timt  of  a  prism  six  feet  long  was  14.27.  The  three 
It  agree  extremely  welJ  with  the  determination  of  m  and 
the  experiments  with  the  perforated  box.  The  to- 
stance  of  the  last  was  undoubtedly  much  increased 
•n,  and  by  the  retrograde  force  of  so  long  a  prism 
on  on  inclined  stream.  This  last  by  computation 
pounds ;  this  added  to  h  (m  -|-  q),  which  is  13.39, 

S  13.8 1,  leaving  0.46  for  the  effect  of  friction. 
lie  same  resistances  be  computed  on  tJie  supposition 
le  body  moves  in  still  water,  in  which  case  we  have 
e=  1 ,  and  q  for  a  lliin  plate  =  0.433  ;  and  if  q  l>e  com- 
ted  for  the  lengths  of  tlie  otlicr  two  bodies  by  the  for- 

l 
L  1.42  -h  — ,  wc  shall  get  for  the  resistances 

and  11.4^. 

Senoe  M.  Buat  concludes,  that  the  resistances  in  these 
estates  arc  nearly  in  the  ratio  of  13  to  10.  This,  he 
ixka,  will  account  for  the  difference  observed  in  the  ex- 
imcnta  of  different  autliors. 

If.  Buat  next  endeavours  to  ascertain  the  quantity  of  wa- 
'     '  'lade  to  adhere  in  some  (iegri»c  to  a  body 

1  along  tlirough  still  water,  or  which  remains 
ant'ln  the  midst  of  a  stream,     hfc  takes  the 
motions  in  the  direction  of  lite  stream,  viz.  the 
-the  actual  motions  of  all  those  particles  which  liave 
of  their  motion,  and  he  dividcrt  ihLs  sum  by  the 
velocity  of  the  stream.     The  quotient  is  equivalent 
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to  a  oeit^n  (|uaatity  oF  water  perfectly  fUgaaoi  round  ik 
body.  AVithout  being  able  to  detenoine  tbw  witll  fifi» 
moo,  he  obfterves,  Umt  it  augfueots  as  (he  redstanoe  ipa. 
msbes;  for  La  the  case  of  a  loog^  body^  the  fihrneflttw 
observed  to  converge  to  a  greater  distance  behind  the  txv 
dy.  Tlie  stngnant  mass  a-heod  of  the  body  is  man  cah 
Glaat ;  for  the  deflection  and  re^Unce  at  t)ie  prov  an  fi^ 
served  not  to  be  affected  at  the  length  of  the  body.  34 
Buaty  by  a  very  nice  analysis  of  many  circutnatancws  oom 
to  this  oonclusioii — that  the  whole  quantity  of  fluid,  which 
in  this  manner  accompanies  the  solid  body*  rvsnaiflii 
same  whatever  is  the  velocity.  He  might  have 
it  at  once,  from  the  consideration  that  the  curve*  d 
by  the  filaments  are  the  same  in  all  velodtie&. 

He  then  relates  a  number  of  experiments  made  to 
tain  the  Absolute  quantity  thus  made  to  acoorapuf^ 
body.  These  were  made  by  causing  pendulums  lo  as3l> 
late  in  fluids.  Newton  had  determined  the  re^istftoco  to 
such  oscillation  by  the  diminution  of  the  arches  of  nlas- 
tion.  M .  Buat  determines  the  quantity  of  dmgged  Hi 
by  the  increase  of  their  duration ;  for  this  sugnlistt  ff 
dragging  is  in  fact  adding  a  quantity  of  matter  lo  he  bwt. 
ed,  without  any  addition  to  the  moving  force.  It  vat  in* 
geniously  ob&ened  by  Newton,  that  the  time  of  ctdBt 
tioo  was  not  sensibly  aiTected  by  the  res^tooce  of  tfar 
a  compensation,  almost  complete,  b^ng  made  by  the 
nution  of  the  arches  of  vibration ;  and  •3q>eriiiMil 
firmed  this.  If,  therefore,  a  great  augrncntrntkni  of  ll* 
time  of  vibration  be  observed,  it  must  be  a-  '-^ 

additional  quantity  of  matter  which  is  thux  ^' 

motion,  and  it  may  be   employed  for  its  r 
Thus,  let  a  be  the  length  of  a  pendulum  swin^ngK^ooditf 
vacuo,  ond  2  the  length  of  a  second''s  pendulum 
in  a  Huid.     Let  p  be  the  weight  of  the  body  in  tke 
and  P  the  weight  of  the  body  displaced  by  it ;  V  -^p^ 
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Its  weight  in  vacuo,  and  ~  will  be  the  ratio 

p  +  «        « 
weights.     We  shall  therefore  have =  -t- 

express  the  sum  of  the  fluid  displaced,  and  the 
along,  fi  being  a  greater  number  than  unity, 
termined  by  experiment.  The  mass  in  motion  is 
p  ^  p^  but  P  -{-  npj   while  its  weight  in  the 

still  p.     Therefore  we  must  have  I  =  — =-^7 — 
^  nP+j? 

tigious  number  of  experiments  made  by  M.  Buat 

vibra^g  in  water  gives  values  of  n,  which  ivere 

it,  namely,  from  1.5  to  1.7;  and  by  consider- 

drcumstancea  which  accompanied  the  variations  of 

he  found  fo  arise  chiefly  fix)m  the  curA'ature  of 

described  by  the  ball),  he  states  the  mean  value 

imber  n  at  1.589.     So  that  a  sphere  in  motion 

ig  with  it  about  ^^^  of  its  own  bulk  of  fluid  with 

ty  equal  to  its  own. 

lade  similar  experiments  with  prisms,  pyramids,  and 

lies,  and  found  a  complete  confirmation  of  his  as- 

that  prisms  of  equal  lengths  and  sections,  though 

dragged  equal  quantities  of  fluid;  that  dmilar 

id  prisms  not  similar,  but  whose  lengths  were  as 

root  of  their  sections,  dragged  quantities  proL 

to  their  bulks. 

ind  a  general  value  of  n  for  prismatic  bodies, 
le  may  be  considered  as  a  valuable  truth  ;  namely, 

[=0.706  "^  +  1.18. 

all  these  circumstADces,  w^  see  an  intimate 
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ncction  between  the  pressures^  non-pres«ures,  and  the  fluid 
.dragged  along  with  tJic  body.  Indeed  this  is 
jdcducible  from  the  first  principles ;  for  wbi 
Icalls  the  dragged  fluid  is  in  fact  a  certain  portioa  ofifac 
vhoie  change  of  motion  prtxluced  in  the  directioo  of  ifai 
body's  motion. 

It  was  found,  that  with  respect  to  thin  pianos,  tpltffa^ 
fond  pyramidal  bodies  of  equal  bu^es,  the  refustaaoef  «at 
'inversely  as  the  quantities  of  duid  dragged  along. 

The  intelligent  reader  will  readily  obseoe,  thai  iIhv 
views  of  the  Chevalier  Buat  are  not  so  much  discoTetk*^ 
icw  principles  as  they  are  classifications  of  eonscqiicflcci, 
vhich  may  all  be  deduced  from  the  general  princii ' 
ployed  by  U'AIcrabert  and  other  mathcniattclaiK 
they  greatly  assist  us  in  forming  notions  of  diifercnt  puv 
^-of  the  procedure  of  nature  in  the  mutual  actiuo  oCAitfii 
I  and  solidii  on  each  other.  This  must  be  very  acoepttUe  M 
a  subject  which  it  is  by  no  means  probable  iJiot  we  liu^ 
be  able  to  investigate  with  mathcmatictU  prociaooiL  >Wt 
have  given  an  account  of  lliesc  last  observationB,  thitvt 
may  otuit  nothing  of  consequence  that  ha5  been  writbfl^ 
the  subject ;  and  we  take  this  opp«)rtumty  of  reocmuM^ 
ing  the  Hi/drauliquc  of  Mr  Buat  as  a  roo6t  ingeni(> 
containing  more  original,  ingenious,  and  pnu:tic£il.ji  .. — 
thoughts,  than  all  the  peiforiuauc^s  we  Imvc  met  wilh. 
His  doctrine  of  (ft^  principle  qf  untfi/nn  nhoiion^  rfjUi* 
in  pipes  and  open  cavais  will  be  of  ininieiise  scrtioe  lo» 
engineers,  and  enal)lc  them  to  dcteniujie  with  bulBdcntptfr 
cision  the  most  im()ortant  questions  la  tiieir  proTtsttipCH- 
questions  which  at  present  they  are  hardly  able  logoe^^ 
See  the  articles  IlivEus  and  Watkb^Woaiui  in  liiii  ^ 
lume. 

The  only  circumstance  whicli  we  have  not  nolicvd  HI*' 
tail,  is  the  change  of  resistance  produced  by  llie  ToiJ,<ff 
tendency  to  a  void,  which  obtains  bcliind  the  body ;  <wl 
vc  omitted  a  particular  disciubion,  merely  UrcauK  «c  lauH 
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IT  noChing  sufficiently  precise  on  the  subject     Persons 
i  accustomed  to  the  discusaons  in  the  physico-maUienu- 
al  sciences,  are  apt  to  entertain  doubts  or  false  notions 
^bcCed  with  this  circumstance,  which  wc  shall  attempt  to 
^pre;  and  with  this  we  shall  conclude  this  dissertaboik 
PPa  fluid  were  perfectly  incompressible,   and  were  oon* 
ined  XD  a  vessel  incapable  of  exten^on,  it  is  impossible 
at  any  void  could  be  formed  behind  the  body ;  and  in 
^^mtue  it  is  not  very  easy  to  see  how  motion  could  be 
Bnned  in  it.     A  sphere  moved  in  such  a  medium  could 
t  advance  the  smallest  distance,  unless  sonu  particles  of 
^^nd,  in  filling  up  the  space  Icfl  by  it,  moved  widi  a 
PBtj  next  to  infinite.     Some  degree  of  compressibility, 
wevcr  small,  seems  necessary.     If  this  be  insensible,  it 
ly  be  rigidly  demonstrated,  that  an  external  force  of  com* 
will  make  no  sennble  change  in  the  internal  mo- 
tii  the  resistances.     This  indeed  is  not  obvious, 
immediate  consequence  o(  the  quaquavcraum  prcs^ 
fluids.     As  much  as  the  pressure  is  augmented  by 
roal  compressions  in  one  side  of  a  body,  so  much 
leoted  on  the  otlier  side;  and  the  same  must  be 
erery  particle.     Nothing  more  is  necessary  for  se- 
tbe  same  motions  by  tlie  same  partial  and  inter- 
ibroes;  and  this  is  fully  verified  by  experiment.     Wo- 
^puuna  equally  fluid  under  any  compressions.     In  some 
5r  Isaac  Newton's  experiments,  balls  of  four  inches  dia- 
,  verc  mode  so  light  as  to  preponderate  in  water  only 
ins.     These  balls  descended  in  the  same  manner 
would  have  descended  in  a  fluid  where  the  rc- 
wafl  equal  in  every  part ;  yet,  when  they  were 
bottom  of  a  vessel  nine  feet  deep,  the  comprca* 
1  round  them  was  at  least  2400  times  the  moving  force; 
when  near  the  top  of  the  vessel,  it  was  not  above 
times. 

I  a  fluid  sensibly  oomprGssible,  or  whicli  is  not  con 
void  may  be  Icfl  behind  the  body.     Its  motion 
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may  be  so  twift  that  the  surrounding  pfeasorft  m 
•office  for  filling  up  the  deserted  space;  mnd^  m  tto 
m.  statical  pressure  will  be  added  to  t)ie  rcnstoocfc 
nay  be  the  caie  in  a  rmml  or  pond  of  waur  hating  m 
apai  surface  exposed  to  the  finite  or  limiie-d  pressure  td  thi 
atmospheni*  The  question  now  is^  whether  die 
viD  be  increased  by  an  increase  of  external  prcfiauiv? 
pofiing  a  sphere  monog  near  the  suriaae  of  water,  aad  an- 
other mov'iog  equally  fast  at  four  times  the  depth.  If 
motion  be  so  swift  that  a  void  is  formed  in  botli  cai 
is  no  doubt  but  that  the  sphere  which  moves  at  tha  groOBt 
depth  is  most  resisted  bv  the  pressure  of  the  waier^  If 
there  is  no  void  in  either  case,  then,  because  the  quadnfil' 
depth  would  cause  the  water  to  flow  in  witlx  only  a  donUe 
velocity,  it  would  seem  that  the  reastance  would  begresM; 
and  indeed  the  water  flowing  tn  laterally  with  a  douhk  v» 
locity  produces  a  quadruple  non-pressure.— Bat,  m  tfae 
other  hand,  the  pressure  at  a  small  depth  may  be  i»uA> 
dent  for  preventing  a  void,  while  that  below  e&tdOaSf 
preYcnts  it ;  and  this  was  observed  in  some  cxpcrincati  <tf 
Chevalier  de  Borda.  The  effect,  tlteret'ore,  of  gream  iow 
mersioii,  or  of  greater  compression^  in  aa  daslic  fluid*  does 
not  follow  a  predse  ratio  of  the  pressure,  but  depends  ptftlj 
OD  absolute  quantities.  It  cannot,  therefore,  be  stated  faf 
any  very  simple  formula  what  increase  or  diiainutktt  of  i^ 
ttstance  will  result  from  a  greater  depth  ;  and  it  ta  chit^ 
on  this  account  that  experimeuts  made  ulth  modek  of  afa^ 
and  mills  are  not  conclusive  witli  respect  to  the  peribrmive 
of  a  large  machine  of  the  same  pt^portioiiSy  without  corrrc- 
tioiis,  sometime*  pretty  intricate.  We  assert,  bowcm* 
with  great  confidence,  that  this  is  of  all  metboda  tlia  m^ 
exact,  and  infinitely  more  certain  than  any  ih'mg  that  cai 
be  deduced  from  the  most  elaborate  calctilatkm  fimn  tbotf^* 
If  the  resistances  at  all  depths  be  equal,  the  ptoporticMi'? 
of  the  total  resistance  to  the  body  is  exi^  and  pakdij 
eonfumiubie  to  observation.     It  is  only  in  great  vcloooo 
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there  the  dqjth  haa  any  material  influence,  and  the  nw 
18  noC  near  so  considerable  as  we  should^  at  first 
9appoee  ;  for,  in  estimating  the  effect  of  immerwoD, 
rhicfa  has  a  relation  to  the  diiferencc  of  pressure,  we  must 
Iways  take  in  the  pressure  of  the  atmosphere ;  and  thus 
pressure  at  33  feet  deep  is  not  33  times  the  pressure  at 
foot  deep,  but  only  double,  or  twice  as  great.  The 
Kdaoepheric  pressure  is  omitted  only  when  the  resisted 
pkne  is  at  the  very  surface.  DUUoa,  in  his  I^amino 
MarUhtOi  has  introduced  an  equation  expressing  this  reU* 
tion ;  but,  except  willi  very  limited  conditions,  it  will  mift* 
iead  tis  prodigiously.  To  give  a  general  notion  of  its 
feuiulatjon,  let  AB  (Fig.  23.)  be  the  section  of  a  plane 
iwmng  through  a  fluid  in  die  direction  CD,  widi  a  known 
^■Iflclty.  The  fluid  will  be  heaped  up  before  it  abovo  ita 
naiural  lerel  CD,  because  the  water  will  not  be  pushed  b^ 
ibre  it  like  a  solid  body,  but  will  be  pushed  aside.  And  it 
ctDuot  acquire  a  lateral  motion  any  other  way  than  by  an 
accumulation,  which  will  diffuse  itself  in  all  directions  by 
tbe  law  of  unduktory  motion.  The  water  will  also  be  left 
lower  behind  the  plane,  because  time  must  elapse  before 
tbe  pressure  of  the  water  behind  can  make  it  fill  the  space. 
We  may  acquire  some  notion  of  the  extent  of  both  the  ac- 
eumtUation  and  depression  in  tliis  way.     There  ia  a  certain 

depth  C  F  (=  ^  where  v  is  the  velocity,  and  P  the  ac- 

ttleratin^  power  of  gravity)  under  the  surface,  such  that 
wat«r  would  flow  through  a  hole  at  F  with  the  velocity  of 
tbe  plane's  motion.  Draw  a  horizontal  line  FG.  The 
water  will  certainly  touch  the  plane  in  G,  and  we  may 
mppose  that  it  touches  it  no  higher  up.  Therefore  there 
will  be  a  hollow,  such  as  CGE.  The  elevation  HE  will 
\m  regulated  by  conndcrations  nearly  similar.  £D  miud 
be  equal  to  the  velocity  of  the  plane,  and  HE  must  be  its 
productive  height.  Thus,  if  tlie  velocity  of  the  plane  be 
one  foot  per  second,  H£  and  EG  will  be  ,\  of  an  inch. 
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Tbis  is  sufficient  (tiiougb  not  exact)  for  ginng  us  a  iMioo 
of  the  thing.  We  see  that  from  this  muM  iirise  a  pnsBUR 
In  the  direction  DC,  viz.  ilie  pressttrc  of  the  whole  ooJumB 
HG. 

Something  of  th(*  same  kind  will  happen  althoagh  ilie 
plane  AB  be  wholly  immergod,  and  tliis  even  to  boot 
depth.  We  see  such  elevations  in  a  swift  running  sUcoBOit 
where  there  are  large  stones  at  t}ie  bottom.— This  ooca' 
ftions  an  excess  of  pressure  in  the  direction  opposite  to  llic 
planers  motion  ;  and  we  see  tliat  there  must,  in  exexj  cate* 
be  a  relation  between  the  velocity  and  this  e.\ce»9  of  pres- 
sure. This  D'Ulloa  expresses  by  an  equation*  Butilii 
very  exceptionable,  not  taking  properly  into  the  aooMSt 
the  comparative  facility  with  which  the  water  can  heap  op 
and  diffuse  itself.  It  must  always  heap  up  till  it  acquim 
a  sufficient  head  of  water  to  produce  a  lateral  and  pft)giB» 
nve  diffusion  sutlicient  for  the  purpose.  It  is  evident^  thtf 
a  smaller  elevation  will  suffice  when  the  body  is  laoreiai- 
merscd,  l9ecause  the  check  or  impulse  given  by  the  body 
below  is  propagated,  not  vertically  only,  but  in  every  d^ 
rcction  ;  and  llierefore  the  elevauon  is  not  confined  lo  ths< 
part  of  the  surface  which  is  immediately  above  the  rooviag 
body,  but  extends  so  much  further  laterally  as  the  oeM* 
of  agitation  is  deeper :  Thus,  the  elevation  DcoeSBsry  Uf 
the  passage  of  the  body  is  so  much  smaller ;  and  it  t«  tbc 
hdglU  only  of  this  accumulation  or  wave  which  det 
the  backward  pressure  on  the  body.  D'Ulloa's  c<jaa 
may  hapf>en  to  quadrate  with  two  experiments  at  dilTcrent 
depths,  without  being  nearly  just ;  for  am/  tteo  points  may 
be  in  a  curve,    witliout   exhibiting  its  ef|uatiim.  ' 

points  will  do  it  with  some  appronch  Co  precision  ;  hv 
at  least,  are  necessary  for  giving  any  nutiou  of  its  r 
D*Ulloa  has  only  given  two  experiments,   which  wc  tocn- 
tioned  in  another  place. 

We  may  here  observe,  that  ll  is  this  circiimstanoe  which 
immediately  pruduites  the  great  rcsistatKx  to  the  motion  of 
a  body  ihrough  a  fluid  in  a  narrow  canal.-^Thc  fluid  can* 
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Dot  pass  tbe  body,  unless  the  area  of  the  section  be  suffici- 
mtlj  extennve.  A  narrow  canal  prevents  the  extenaon 
itdevise.  The  water  must  therefore  heap  up,  till  the  8eo- 
tion  and  velocity  of  difFusion  are  sufficiently  enlarged,  and 
thtu  A  great  backward  pressure  is  produced.  (See  tbe  ee- 
oood  series  of  Expenmentfi  by  the  French  Academician^ ; 
aiao  Franklin's  Essays). 


liavc  wc  attempted  to  give  cur  readers  some  ac* 
of  the  most  interesting  problems  in  the  whole 
of  nHvhanicfll  phiioeophy.  We  are  sorry  that  ^o  Utile  ad- 
vanUge  can  be  derived  from  the  united  elTarts  of  tlie  first 
matiMnaatidans  of  Europe,  and  that  tliere  is  so  little  hope 
af  greatly  unproving  our  sdenti/ic  knowledge  of  the  sub- 
^pt  What  we  have  delivered  will,  however,  enable  our 
feadera  to  peruse  tlie  writings  of  those  who  have  applied 
tbe  theories  to  practical  purposes.  Such,  for  instance^  are 
the  treatises  of  John  Bernoulli,  of  Bougner,  and  of  Euler, 
BBthe  construction  and  working  of  ships,  and  the  occasional 
^baertations  of  different  authors  on  water-mills.  In  tliis 
last  application  the  ordinaiy  theory  is  not  without  its  value, 
for  the  impulses  are  nearly  perpendicular ;  in  which  case 
they  do  not  materially  deviate  from  the  duplicate  propor- 
tion ui'  the  sine  of  incidence.  Bat  even  here  this  theory, 
OS  it  commonly  is,  misleads  us  exceedingly.  The 
tbe  on  one  float  may  be  accurately  enough  stated  by 
but  the  authors  have  not  been  attentive  to  the  motion 
o£  the  water  after  it  has  made  its  impulse ;  and  the  impulse 
^Bthe  next  float  is  stated  the  same  as  if  the  par^lel  fila- 
tncDts  of  water,  which  were  not  stopped  by  the  preceding 
float,  did  impinge  on  the  opposite  part  of  the  second,  in 
the  aame  manner,  and  with  tlie  same  obliquity  and  energy, 
aa  if  it  were  detached  from  the  rest  But  this  does  not  in 
kaat  resemble  the  real  process  of  nature. 
ippooe  the  floaU  B,  C,  D,  H  (Fig.  £4.)  of  a 
in  a  stream  whose  surface  moves 
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AK,  and  that  this  sur&ce  mceto  the  float  B  in  B.  Tha 
part  BE  alone  is  supposed  to  be  impelled ;  wlnwas  dn 
water,  checked  by  the  float,  heaps  up  «n  it  to  e^^^Tbm 
dzmwing  the  horiaontal  line  BF,  the  part  CF  of  the  not 
float  is  supposed  to  be  all  that  is  impelled  by  the  pandd 
filaments  of  the  stueam ;  whereas  the  water  beada  touad 
the  lower  edge  of  the  float  B  by  the  samm&dii^  pmsui% 
and  rises  on  the  float  c  all  the  way  to  ^  In  like  manoer, 
die  float  D,  instead  of  reoeiving  an  impulse  oa  the  wy 
small  portion  DG,  is  impelled  all  the  way  from  D  lo  f^ 
not  much  bdow  the  surface  of  the  stream.  The  mukom 
impelled  at  once,  therefore,  greatly  exceed  what  this  sloNolf 
application  of  the  theory  supposes^  and  the  whole  impdhs 
u  much  greater ;  but  this  is  a  fault  in  the  apfdicatko^  sod 
not  in  the  theoTf. 
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current  of  fresh  water,  Howuig  in  a  Bkd  or  Channel, 
lis  source  to  the  sea. 

The  term  is  appropriated  to  a  considerable  collec- 
of  waters,   formed  by  the  conflux  of  two  or   more 
^Ki,  which  deliver  iuto  its  channel  the  united  streams 
'cral  RivuLBTs,  which   have  collected  tlie  supplies 
tny  Rills  trickling  down  from  numberless  springs, 
the  torrents  which  carry  off  from  the  sloping  grounds 
surplus  of  every  shower. 
3.  Rivers  form  one  of  the  chief  features  of  the  surface  of 
globe,  6er\'ing  as  voiders  of  all  that  is  immediately  re- 
tdant  in  our  rains  and  springs,  and  also  as  boundaries 
barriers,  and  even  as  highways,  and  in  many  coun- 
as  plentiful  storehouses.     They  also  fertilize  our  soil 
|laying  upon  our  warm  fields  the  richest  mould,  brought 
the  high  mountains,  where  it  would  have  remained 
less  for  want  of  genial  heat. 

Being  such   interesting  objects  of  attention,   every 
;h  acquires  a  proper  name,   and  the  whole  acquires 
of  personal  identity,   of  which'  it  is  frequently  diffi- 
to  find  the  principle ;   for  \}\e  name  of  the  great  body 
rttlers  which  discharges  itself  into  the  sea  is  traced  back- 
to  one  o(  the  sources,   whUe  all  the  contributing 
IS  are  lost,  although  thdr  waters  fonn  the  chief  part- 
le  collection.     And  sometimes  the  feeder  in  which  the 
le  is  pre»erved  is  smaller  than  others  which  are  united 
ic  current,  and  which,  hke  a  rich  but  ignoble  alliance, 
ilieit  name  in  that  of  the  more  illustrious  family.  Some 
llideed  are  resectable  even  at  their  birth,  coming  at 


I 


S69 


RIVER, 


It  of  fresh  water,  Rowing  in  a  Bed  or  Chanmkl, 
irce  to  the  sea. 


»prtated 


coUec- 


term  is  appropnatea  to  a  considerable 
l^nters,  formed  by  the  coiiflux  of  two  or  more 
HRrhich  deliver  into  its  channel  the  united  streams 
cfal  Rivulets,  which  have  collected  the  supplies 
ba^iLLs  trickling  down  from  numberless  springs^ 
^Brrents  which  carry  ofif  from  the  sloping  grounds 
rplus  of  every  shower. 

livers  form  one  of  the  cliicf  features  of  the  surface  of 
obe,  serving  as  voiders  of  all  that  is  immediately  re- 
nt in  our  rains  and  springs,  and  also  as  boundaries 
turiers*  and  even  as  highways,  and  in  many  coun* 
%s  plentiful  storehouses.  They  also  fertilize  our  soil 
log  upon  our  warm  fields  the  richest  mould,  brought 
he  high  mountains,  where  it  would  have  remained 
\  ibr  want  of  genial  heat 

leing  such  interesting  objects  of  attention,  every 
^  acquires  a  proper  name,  and  the  whole  acquires 
^Bereonal  identity,  of  which  it  is  frequently  difii- 
IBd  the  principle ;  for  the  name  of  the  great  body 
^Uf  hicb  discharges  itself  into  the  sea  is  traced  back- 
^Kne  of  the  sources,  while  all  die  contributing 
^K  lost,  although  their  waters  form  the  chief  part 
^ftction.  And  sometimes  the  feeder  in  which  the 
PHeserved  is  smaller  than  others  which  ore  united 
current,  and  which,  like  a  rich  but  ignoble  alliance, 
etc  name  in  that  uf  the  mure  illustrious  family.  Some 
arc  respectable  even  at  their  birth,  coming  at 
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wiUcra  of  Judsa?  Might  I  not  waah  in  them  wul  be  dcsn? 
So  he  went  away  wroth." 

In  those  countries  particularlVf  where  the  rur«l  lobcmrs, 
and  the  hopc5  of  the  shepherd  and  the  husboDdaiMki  woe 
not  so  immediately  connected  witft  tlie  ajiproach  and  nam 
of  the  sun,  and  depended  rather  on  what  happened  m  a 
far  distant  countrj*  by  the  falls  of  periodical  nuns  or  the 
melting  of  collected  snows,  the  Nile,  tlie  Ganges,  die  In. 
dus,  the  river  of  Pegu,  were  the  scnEible  agents  nf  nature 
in  procuring  to  the  bhabitants  of  their  fertile  banks  all 
their  abundance,  and  tlicy  became  the  object*  of  grateful 
veneraijoti.  Their  sources  were  sought  out  with  onaiioui 
care  even  by  conquering  princes ;  amd  when  found,  vtre 
universally  worshipped  with  the  mast  affrctiimate  devotioD. 
These  rcmai-kable  rivers,  so  eminently  and  so  palpaUj 
beneficent,  preserve  to  this  day,  amidst  every  change  «f 
habit,  and  every  increase  of  dvilizatiou  and  improrefiMOtt 
the  fond  adoration  of  the  inhabitants  of  tfaoaa  fnutfid 
countries  through  which  they  hold  their  stately  oout0,aa4 
their  waters  are  still  held  sacred.  No  progress  of  artifidal 
refinement,  nut  all  the  corruption  of  luxurious  seasttilitTy 
has  been  able  to  erodicaie  this  plant  of  native  growth  biM 
the  heart  of  man.  Tl^  sentiment  is  congenial  to  his  i^ 
ture,  and  therefore  it  is  universal ;  and  we  ooald  iilnwit 
appeal  to  the  feelings  of  every  reader,  whether  he  docs  net 
perceive  it  in  his  own  breasU  Perhaps  we  may  be  ou^ 
taken  in  our  opinion  in  tlie  case  of  tlie  oorrup4e<l  iohabii^ 
ants  of  tlte  populous  and  buBy  cities,  who  arc  lubttnaud 
to  the  fond  contemplation  of  their  own  individual  exer- 
tions as  the  sources  of  all  their  lioj^s.  Give  tbesbaeneto 
but  leather  and  a  few  tools,  and  he  defies  the  powers  of  sft- 
ture  to  disoppoint  him  ;  but  the  simpler  inhabitCDlaof  tfae 
country,  the  most  worthy  and  the  most  respectable  fmxi<f 
evfvy  nation,  after  equal,  perhaps  greater  exertion  both  ef 
skill  and  of  industry,  ore  more  accustomed  to  resign  tlioP- 
seWcs  to  tlie  greftt  truntsten  oi'  Frovidcnec,  end  to  kink  if 
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heaven  for  tlie  "  early  and  the  latter  rains,''  without 
wbidi  all  their  labours  are  fruitk^ss. 


cjtrema  per  iUos 


J^ummqtic  exccdcus  terrii  veiHgiaJircit. 

And  among  the  husbandmen  and  the  shepherds  of  all  na- 
tiocu  and  ages,  we  find  the  same  fond  attachment  to  their 
■prings  and  rivulets. 

Fortunate  satex^  hie  inter  flamiaa  nr*ta 
Etfontes  »acro$  frigJtM  captains  opacum, 

was  die  moumful  ejaculation  of  poor  Meliboeus.  We  hard. 
\y  know  a  river  of  any  note  in  our  own  country  whose 
■ource  is  not  looked  on  witli  some  respect. 

We  repeat  our  assertion,  that  this  worship  was  the  oif- 
quing  of  affection  and  gratitude,  and  that  it  is  giving  a 
very  unfair  and  false  picture  of  the  liuman  mind  to  ascribe 
these  superstitiona  to  the  working  uf  fear  alone.  These 
would  have  represented  the  river-gods  as  seated  on  ruins, 
brandishing  rooted-up  trees,  with  angry  looks,  pouring  out 
their  sweeping  torrents.  But  no  such  thing.  The  lively 
imagination  of  the  Greeks  felt,  and  expressed  with  an  ener- 
gy unknown  to  all  other  nations,  every  emotion  of  the  hu- 
man souL  They  figured  the  Naiads  as  beautiful  nymphs^ 
patterns  of  gentleness  and  of  elegance.  They  are  repre- 
^Blted  as  partially  attached  to  the  children  of  men;  and 
^Hbir  interference  in  human  aifairs  is  always  in  acts  of  kind 
'  asnatance  and  protection.  They  resemble,  in  this  respect, 
the  rural  deities  of  the  northern  nations,  the  fairies,  but 
without  their  caprices  and  resentments.  And,  if  we  attend 
lo  the  descriptions  and  representations  of  their  BiVEa-Gons^ 
beings  armed  with  {x>wer,  an  attribute  which  slavish  fear 
never  faiU  to  couple  with  cruelty  and  vengeance,  we  find 
tha  same  expression  of  affectionate  trust  and  confidence  in 
Ihar  kind  dippositions.  They  are  generally  called  by  the 
ftwpeclable  but  endearing  name  ofjathcr.     "  Da  Tyheri 
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pater^^  says  Virgil.     Mr  Bruce  says  that  the  Nile  ai  w 
source  is  called  tlie  abat/  or  "  father.^ — We  ob«Tve  lius 
word,  or  its  radix,  bleuded  with  many  names  afrivtnfl^ 
(he  east ;  and  think  it  probable,  that  when  our  iMTeDrr 
got  this  name  from  the  inhabitants  of  the  neighbourhcjo4 
ihey  ap^ied  to  the  stream  wliat  is  meant  to  e^preas  the  tut^ 
lar  or  presiding  spirit.     The  river-gods  are  always  rcprfr 
sented  as  venerable  old  men,  to  indicate  their  being  coeval 
with  the  world.     But  it  is  always  a  crw(/*i  viridisqn^  nenectui^ 
and  they  arc  never  represented  as  oppressed  with  age  bm 
decrepitude.     Their  beards  are  long  and  flowing,  their  loob 
placid,  their  attitude  easy,  reclined  on  a  bank,  covered  » 
they  are  crowned,  with  never-fading  sedges  and  bulrushtt, 
and  leaning  on  their  urns,  from  which  they  pour  out  tJieir 
plentiful  and  fertilizing  streams.— Mr  Bruce's  dcscriplioo 
of  the  sources  of  the  Nile,  and  of  the  respect  paid  to  iJk 
sacred  waters,  has  not  a  frowning  feature ;  and  the  hospit- 
able old  man,  with  his  fair  daughter  Irepone,  and  the  g«» 
tie  priesthood  which  j)eDpled  the  httle  village  of  Gef«fc. 
forms  a  contrast  with  the  neighbouring  Galla  (among  whom 
a  military  leader  was  called  the  l^mby  t)ecause  be  did  not 
murder  pregnant  women),  which  very  distinctly  paints  the 
inspiring  principle  of  this  superstition.     Pliny  says  (viii 
8.)  that  at  the  source  of  the  Clitummis  there  is  an  andeDt 
temple  highly  respected.     The  presence  and  the  pt»wcrdf 
the  Divinity  are  expressed  by  the  fates  whidi  stand  in  the 
vestibule.     Around  this  temple  are  several  little  chapelsi 
each  of  which  covers  a  sacred  fount^n  ;  for  the  Cliiumnm 
is  the  father  of  several  little  rivers  which  unite  their  stream* 
with  him.     At  some  distance  below  the  temple  is  a  brid^ 
which  divides  the  sacred  waters  from  those  which  are  o^ 
to  common  use.     No  one  must  presume  to  set  his  fool »» 
the  streams  above  this  bridge ;   and  to  step  over  any  " 
them  is  an  indignity  which  renders  a  person  inKuDOO^ 
They  can  only  be  visited  in  a  consecrated  boat.     Belfl» 
the  bridge  we  arc  permitted  to  bathe,  and  the  place  i*  'o- 
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itlv  occupied  by  the  neighbouring  villagers.     (Seeal- 
*  Sequestr.  Orbdini,  p.  101—103,  and  S^l— 223; 
also  SueUm.  Caligula,  c.  43 ;  Virg.  Georg.  IL  146.) 

What  is  the  cause  of  all  this  P  The  Clitumnus  flows 
(near  its  source)  through  the  richest  pastures,  through 
wiiicli  it  was  carefully  distributed  by  numberless  drains ; 
and  these  nourished  cattle  of  such  spotle&s  whiteness  and 
exlraordioary  beaut}',  that  tlicy  were  souglit  for  with  eager- 
ness over  all  Italy,  as  the  most  acceptable  victims  in  their 
sacrifices.  Is  not  this  superstition  then  on  efiuaon  of  gra^ 
litudc? 

Such  are  the  dictates  of  kind-hearted  nature  in  our 
l>reasta,  before  it  has  been  vitiated  by  vanity  and  self-con- 
ceit, and  we  should  not  be  ashamed  o^  feehng  the  impres- 
sion. We  hardly  think  of  making  any  apology  for  dwell- 
ing a  little  on  this  incidental  circ  uraslance  of  the  supersti- 
tious veneration  paid  to  rivers.  We  cannot  think  that  our 
readers  will  be  displeased  at  having  agreeable  ideas  excited 
in  tlieir  minds,  being  always  of  opinion  that  the  torch  of 
true  philosophy  will  not  only  enlighten  the  understanding, 
but  al»o  warm  and  cherish  the  affections  of  the  heart. 

WitJi  respect  to  the  origin  of  rivers,  we  have  very  lit- 
tle to  offer  in  this  place.  It  is  obvious  to  every  person, 
that  besides  the  torrents  which  carry  down  into  the  rivers 
what  part  of  the  rains  and  melted  snows  is  not  ab*iorbed  by 
tfie  soil,  or  taken  up  by  the  plants  which  cover  the  earth, 
they  are  fed  either  immediately  or  remotely  by  the  springs. 
A  few  remarkable  streams  rush  at  once  out  of  die  earth  in 
force,  and  must  be  considered  as  the  continuation  o£  sub- 
terraneous rivers,  whose  origin  we  arc  therefore  to  seek 
out ;  and  we  do  not  know  any  circumstance  in  which  their 
beginnings  differ  from  those  of  other  rivers,  which  are 
ried  by  ih^  union  of  httle  streams  and  rills,  each  of 
vbich  has  its  own  source  in  a  spring  or  fountain.  This 
slion,  therefore,  What  is  the  process  of  nature,  and 

1 


376  HISTORY  OP  RIVERS. 

what  are  the  supplies  which  fill  our  springs  ?  will  be  trafcd 
of  under  the  word  Spbing. 

Whatever  be  the  source  of  rivers,  it  is  to  be  met  nidi  is 
almost  every  part  of  the  globe.  The  crust  of  earth  with 
which  the  rocky  framing  of  this  globe  is  covered  b  gcfl^ 
rally  stratified.  Some  of  these  strata  are  extremdy  peniooi 
to  water,  having  but  small  attraction  for  Its  particles^  nd 
being  very  porous.  Such  is  the  quality  of  gravellj  stnto 
in  an  eminent'  degree.  Other  strata  are  much  more  fiim, 
or  attract  water  more  strongly,  and  refuse  it  a  pasttge. 
This  is  the  case  with  firm  rock  and  with  day.  When  a 
stratum  of  the  first  kind  has  one  of  the  other  immediately 
under  it,  the  water  remiuns  in  the  upper  stratum,  and  bants 
out  wherever  the  sloping  ades  of  the  hills  cut  off  the  8tnti» 
and  this  will  be  in  the  form  of  a  trickling  spring,  bectDse 
the  water  in  the  porous  stratum  is  greatly  obstructed  in  ht 
passage  towards  the  outlet  As  this  irregular  formatioa  of 
the  earth  is  very  general,  we  must  have  springa,  and  of 
course  rivers  or  rivulets,  in  every  comer  where  there  an 
high  grounds. 

Rivers  flow  from  the  higher  to  the  low  grounds.  It 
is  the  arrangement  of  this  elevation  which  distributes  than 
over  the  surface  of  the  earth.  And  this  appears  to  be  ao- 
complished  with  considerable  regularity;  and,  except dw 
great  desert  of  Kobi,  on  the  confines  of  Chinese  Tartny, 
we  do  not  remember  any  very  extennve  tract  of  ground 
that  is  deprived  of  those  channels  for  voiding  the  superffu- 
ous  waters ;  and  even  there  they  are  far  from  being  redund- 
ant. 

The  course  of  rivers  g^ve  us  the  best  general  method  fa 
judging  of  the  elevation  of  a  country.  Thus  it  appesn 
that  Savoy  and  Switzerland  are  the  highest  grounds  of  Eu- 
rope, from  whence  the  ground  slopes  in  every  direction. 
From  the  Alps  proceed  the  Danube  and  the  Rhine,  who* 
courses  mark  the  two  great  valleys,  into  which  many  Ist^ 
ral  streams  descend.  The  Po  also  and  the  Rhone  oofflW 
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the  same  head,  and  witli  a  steeper  and  shortei*  course 
find  tlieir  way  to  the  sea  ihrougli  valleys  of  less  breadth  and 
length.  On  the  west  side  of  the  valleys  of  the  Rhine  and 
the  Rhone  the  ground  rises  pretty  fast,  so  that  few  tributa- 
ry streams  come  into  (hem  from  that  side ;  and  from  this 
gentle  elevation  France  slopes  to  llie  westward.  If  a  line 
nearly  straight,  but  bending  a  little  to  the  nortliward,  be 
drawn  from  the  head  of  Savoy  and  Switzerland  all  the  way 
to  Sohkamskoy  in  Siberia,  it  will  nearly  pass  through  the 
most  elevated  part  of  Europe  ;  for  in  this  tract  most  of  tlie 
rivers  have  their  rise.  On  the  left  go  off  the  various  feed- 
ers of  the  Elbe,  the  Oder,  the  Wesel,  the  Niemcn,  the  Du- 
na,  the  Neva,  the  Dwina,  the  Petzora.  On  the  right,  after 
passing  tlie  feeders  of  the  Danube,  we  see  the  sources  of 
the  Scrclh  and  Pruth,  the  Dniester,  the  Bog,  the  Dnieper, 
the  Don,  and  the  mighty  Volga.  The  elevation,  however, 
i«  extremely  moderate ;  and  it  appears  from  the  levels  la- 
ken  with  the  barometer  by  the  Abbe  Chappe  d'Autcroche, 
iJjat  the  head  of  tlie  Volga  is  not  more  than  470  feet  above 
tJie  surface  of  the  ocean.  And  we  may  observe  here  by 
the  bye,  that  its  mouth,  where  it  discharges  its  waters  into 
tlie  Caspian  Sea,  is  undoubtedly  lower,  by  many  feet,  tlian 
the  surface  of  the  ocean.  See  Pnbcmatics,  vol.  iiL 
Spiun  and  Finland,  with  Lapland,  Norway,  and  Sweden, 
form  two  detached  parts,  whicli  have  Uttle  symmetry  ividi 
llie  rest  of  Europe. 

A  chain  of  mountains  begins  in  Nova  Zcmbla,  and 
stretches  due  south  to  near  the  Caspian  Sea,  dividing 
Europe  from  Asia.  About  three  or  four  degrees  north  of 
llie  Caspian  Sea,  it  bends  to  the  south-east,  traverses  west- 
ern Tartory,  and  passing  between  tJie  Tetlgis  and  Zaizan 
E&kes,  it  then  branches  to  the  east  and  south.  Tlie  east- 
ern brand)  runs  to  the  shores  of  Korea  and  KamtschiUka. 
The  southern  branch  traverses  Turkestan  and  Thibet, 
separating  them  from  India,  and  at  the  head  of  the  king- 
dom of  Ava  joins  aii  arm  stretching  from  the  great  eastern 
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braucli,  and  here  forms  the  ceDtre  of  a  rery  mgakr  » 
diation.     Chains  of  mountflins  issue  from  tt  In  every  diracw 
lion.     Three  or  four  of  them  keep  very  dose  logedffr, 
dividing  the  contlneot  into  narrow  slips,  which  hmre  each 
o  great  river  flowing  in  the  middle,  and  reachixig  to  the 
extreme  points  of  Malacca,  Caml>odia»  and  CochirKhiM 
From  the  same  central  point  proceeds  another  great  ridge 
due  east,  and  passes  a  litde  north  of  Canton  in  Cbi»> 
We  called  this  a  singular  centre :  for  though  it  sends  off 
so  many  branches,  it  is  by  no  means  the  most  elevated  put 
of  the  continent.     In  the  triangle  which  is  included  he- 
Iwccn  the  first  southern  ridge  (which  comes  from  between 
the  lakes  Tanges  and  Zaizan),  the  great  eastern  n<Igc,  and 
branch,  which  almost  unites  with  the  soutlicm  ridge, 
lies  the  Boutan,  and  part  of  Tibet,  and  the  many  iittk 
rivers  which  occupy  its  surface  flow  southward  and  east- 
ward,  uniting  a  little  to  llie  north  of  the  centre  often  men- 
tioned, and  then  pass  through  a  gorge  eastward  into  Chins' 
And  it  is  farther  to  be  observed,  that  ihcae  great  ridgrt 
do  not  appear  to  be  seated  on  the  highest  ports  of  the 
country ;  for  the  rivers  which  correspond  to  them  are  A 
no  great  distance  from  them,  and  receive  their  chief  sop- 
plies  from  the  other  sides.     This  is  remarkably  the  am 
witli  the  great  Oby,  which  runs  almost  parallel  to  tli 
from  the  lakes  to  Nova  Zembla.     It  receives  its  feu^.^ui.- 
from  the  cast,  and  indeed  it  has  its  source  far  east.     The 
highest  grounds  (if  we  except  the  ridges  of  mountain 
which  are  boundaries)  of  the  continent  seem  to  he  in  the 
country  of  the  Calmucs,  about  95°  east  from  London^  And 
latitude  43^  or  45°  north.     It  is  represented  as  a  fioe 
though  sandy  country,  having  many  little  rivers  which  lose 
tliemselves  in  the  sand,  or  end  in  little  salt  Likes.     Thii 
elevation  stretches  north-cast  to  a  great  disiancr;    and  in 
this  tract  we  find  the  heads  of  the  Irtiali,  Selenga,  and 
Tunguskain  (the  great  feeders  of  the  Oby),  the  O!. 
the  Lena,  the  Yann,  and  some  other  rivers  which  all  , 
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to  the  north.  On  the  other  side  we  have  the  great  river 
Amur,  and  many  smaller  rivers,  whose  names  are  not  fa- 
miliar. The  Hoangho,  the  great  river  of  China,  rises  on 
tile  south  side  oi'  the  great  eaiitera  ridge  we  have  so  of^en 
roentiooed.  This  elevation,  which  is  a  continuation  of  the 
former,  is  somewhat  of  the  same  complexion,  being  very 
sandy,  and  at  present  is  a  desert  of  prodigious  extent.  It 
is  described,  however,  as  interspersed  with  vast  tracts  of 
rich  pasture ;  and  wc  know  that  it  was  formerly  the  resi- 
dence of  a  great  nation,  who  came  south  by  the  name  of 
T^urlUf  and  possessed  themselves  of  most  of  the  richest 
kingdoms  of  Asia.  In  the  south-western  extremity  of  this 
country  arc  found  remains  not  only  of  barbaric  magnifi- 
cence, but  even  of  cultivation  and  elegance.  It  was  a  pro- 
fitable privilege  granted  by  Peter  the  Great  to  some  ad- 
venturers to  search  these  sandy  deserts  for  remains  of  for- 
mer opulence,  and  many  pieces  of  delicate  workmansliip^ 
(though  Dot  in  a  style  which  we  would  admire)  in  gold  and 
silver,  were  found.  Vaults  were  found  buried  in  the  sand 
filled  with  written  papers,  in  a  character  wholly  unknown ; 
and  a  wail  was  discovered  extending  several  miles,  built 
with  hewn  stone,  and  ornamented  with  comiche  and  battle- 
menta.  But  we  are  forgetting  ourselves,  and  return  to  tlie 
comdderation  of  the  distribution  of  the  rivers  on  the  sur- 
face of  tlic  earth.  A  great  ridge  of  mountains  begins  at 
the  south-east  corner  oi  the  Euxine  Sea,  and  proceeds  east- 
ward, ranging  along  tJie  south  side  of  the  Caspian,  and  still 
Kancing,  unites  with  the  mountains  first  mentioned  in 
ibet,  sending  off  some  branches  to  tlie  south,  which 
divide  Persia,  India,  and  Thibet.  From  the  south  side  of 
this  ridge  flow  the  Euphrates,  Tigris,  Indus,  Ganges,  &c, 
and  from  the  nortli  the  ancient  Oxus  and  many  unknown 
itiieamb. 

There  is  a  remarkable  circumstance  in  this  quarter  of 
the  globe.     iVlthough  it  seems  to  be  nearest  to  the  great- 
seems  abo  to  have  places  of  the  great 
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depression.  We  have  already  said  that  the  Caapkn  Sea  ii 
lower  Uian  the  ocean.  There  is  in  its  neighbourhood  aiw 
other  great  besin  of  salt  water,  the  lake  Aral,  whkh  m- 
cejvea  the  waters  of  the  Oxus  or  Gihon,  which  were  wi 
to  have  formerly  run  into  the  Caspian  Sea.  There  caw 
not  therefore  be  a  great  difference  in  the  level  of  thcae  tH 
basins ;  neitlier  have  iJiey  any  outlet,  though  they  ream 
great  rivers.  There  is  another  great  lake  in  the  n*J 
middle  of  Persia,  the  Zare  or  Zara,  which  receivee  tfat 
river  Hindeniend,  of  near  S50  miles  In  length,  btfids 
other  Rtrcams.  There  is  another  such  in  Asia  Minor.  Thr 
sea  uf  Sodom  and  Gomorrah  is  another  instance.  And  ia 
the  high  countries  we  mentioned,  there  arc  many  anuU  alt 
lakes,  which  receive  little  rivers,  and  have  no  outlet.  The  like 
Zara  in  Persia,  however,  is  the  only  one  wlndi  iadictleiA 
considerable  hollow  of  the  country.  It  is  now  ascertained, 
by  actual  sun'ey,  that  the  Sea  of  Sodom  is  ooondenihl) 
higher  than  the  Mediterranean.  This  leature  Is  not,  how- 
ever, peculiar  to  Asia.  It  obtains  also  in  AfHcft,  wfaos 
rivers  we  now  proceed  to  mention. 

Of  dicm,  however,  we  know  very  little.  The  Nile  in- 
deed is  perhaps  belter  known  than  any  river  out  of  Btirofv. 
By  the  register  of  the  weather  kept  by  Mr  Bruoe  at  Go»- 
dar  in  1770  and  1771,  It  appears  that  the  greatest  nim 
are  about  the  beginning  of  July.  He  says,  that  at  an 
average  each  month  after  June  it  doubles  its  rdns.  Ttie 
calish  or  canal  is  opened  at  CvAro  aliout  the  9th  of  Augitft. 
when  the  river  has  risen  14  pecks  (each  21  inches),  and 
the  waters  begin  to  decrease  about  the  lOtli  of  Septcm* 
her.  Hence  we  may  form  a  conjecture  eonceming  thf 
time  which  the  water  employs  in  coming  from  Aby$»iotL 
Mr  Bruce  supposes  it  nine  days,  which  suppijst  '  .*i!j 

not  less  than  14  feel  in  a  second;  a  thing  past  ..m 

inconsistent  with  all  our  notions.  The  gvncral  idopc  t^ 
the  river  is  greatly  diminished  by  seiTntl  great  cnUirKU; 
and  Mr  Bnicc  expressly  says,  thai  he  might  have 
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frum  Senoar  to  the  cataracts  of  Syene  in  a  buat,  and 
It  it  is  uavigable  for  boats  far  abuTc  Sennaar.  He  came 
vm  Syene  to  Cairo  by  water.  We  apprehend  that  no 
would  venture  down  a  stream  moving  even  bix  feet  in 
»nd,  and  none  could  row  up  if  the  velocity  was  three 
Ab  the  waters  begin  to  decrease  about  the  10th  of 
tber,  we  must  conclude  that  the  water  then  flowing 
Cairo  had  left  Abyssinia  when  the  rains  had  gready 
Abated.  Judging  in  Uus  way,  we  must  still  allow  the 
BtreflDi  a  velocity  of  more  tJian  six  feet.  Had  the  first 
awdl  at  Cwro  been  noticed  in  1770  or  1771,  we  might 
have  guessed  better.  The  year  that  Thevenot  was  in 
Egypt,  tlie  first  swell  of  8  peeks  was  observed  January  28. 
Thecalish  was  opened  for  14  peeks  on  August  14thy  and 
the  waters  began  to  decrease  on  September  23d,  having 
risen  to  21§  peeks.  We  may  suppose  a  similar  progress  at 
Cairo  corresponding  to  Mr  Bruce^s  observations  at  Gon- 
dar,  and  date  every  thing  five  days  earlier. 

We  understand  that  some  of  our  gentlemen  stationed 
far  up  the  Ganges  have  had  the  curiosity  to  take  notes  of 
Ihe  swellings  of  that  river,  and  compare  them  with  the 
oTerflowings  at  Calcutta,  and  that  their  ob!*ervations  are 
about  to  be  made  public.  Such  accounts  arc  valuable  ad- 
ditions  to  our  practical  knowledge,  and  we  shall  not  ne* 
gleet  to  insert  the  information  in  some  kindred  article  of 
this  work. 

The  same  mountains  which  attract  the  tropical  vapours, 
and  pr(»duce  the  fertilizing  inundations  of  the  Nile,  per- 
form the  same  office  to  the  famous  Niger,  whose  existence 
bas  often  been  accounted  fabulous,  and  with  whose  course 
fe  have  very  little  acquaintance.     The  researches  of  the 
itlemen  of  the  African  association  render  its  existence 
longer  doubliul,  and  have  greatly  excited  the  public 
curiosily.     For  a  farther  account  of  its  track,  see  Nicer. 
From  the  great  number,  and  the  very  moderate  size,  of 
rivers  wliich  fall  into  the  AlLinlic  Ocean  all  iHf  «•« 
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eoutfa  of  tbe  Gambia,  we  conclude  that  the  wcatcra 
ifl  the  most  elevated,  and  that  the  mountains  are  at  do 
great  distance  inland.  On  the  other  hand,  the  rivers  at 
I^ieLinda  and  Sofala  are  of  a  magnitude  which  indicate  a 
much  longer  course.  But  of  all  this  we  speak  with  mudi 
uncertainty. 

The  frame-work   (fio  to  call  it)  of  America  is  better 
known,  and  is  singular. 

A  chain  of  mountains  begins,  or  at  least  is  found,  in 
longitude  1 10^  west  of  London,  and   latitude  40°  north, 
on  the  norlhem  confines  of  the  kingdom  of  Mexico,  and 
stretching  southward  through   that    kingdom,    forms  (he 
ridge  of  the  neck  o£  land  which  separates  North  from  South 
America,  and   keeping  almost  clo^  to  the  shore,   rangcf 
along  the  whole  western  coast  of  South  America,  terminat* 
ing  at  Cape  Horn.     In  ita  course  it  sends  off  branches 
which,  after  separating  from  it  for  a  few  leagues,  rejoin  il 
again,  enclosing  valleys  of  great  extent  from  north  to  soutli, 
and  of  prodigious  elevation.     In  one  of  these,   under  the 
equatorial  sun,  stands  the  city  of  Qaito,   in  the  midst  uf 
extensive  fields  of  barley,  oats,  wheat,  and^gar.' 
taining  apples,  pears,  and  gooseberries,  and,  in  s'tx- 
grains  and  fruits  of  the  cooler  parts  oi*  Europe ;  and  ol* 
though  the  vine  is  also  there  in   perfection,  tbe  olive  a 
wanting.     Not  a  dozen  miles  from  it  in  the  low  countries, 
the  sugar-cane,  the  indigo,  and  all  the  fruits  of  the  tornd 
zone,  find  their  congenial  heat,  and  llie  inhalutanta  swelter 
under  a  burning   sun.     At  as  small  a  distanoe  on  titf 
other  hand,   tower  aloft  the  pinnacles  of  Pichincha,   Ccr- 
ambourou,  and  Chimboraoo,  crowned  with  never>meItiog 
snows. 

The  individual  mountains  of  this  stupendous  range  not 
only  exceed  iq  height  all  others  in  the  worhl  (if  we  excei>* 
the  Peak  of  Teueriffe,  Mount  ^tna,  and  Mount  Blanc), 
but  they  ore  set  down  on  a  base  incomparably  mora  il^ 
vated  than  any  other  country.     They  cut  ofl'  thereJ 
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oonnnunication  between  tlie  Pacific  Ocean  and  the  inland 
continent ;  and  no  rivers  are  to  be  found  un  the  west  coast 
of  South  America  which  have  any  considerable  length  of 
course  or  body  of  walers.  The  country  is  drained  like 
Africa,  in  the  opposite  direction.  Not  100  miles  from  tlie 
city  of  Lima,  the  capital  of  Peru,  which  lies  almost  on  the 
sea  shore,  and  just  at  the  i'oot  of  tlie  litgh  Cordilleras, 
arises  out  of  a  small  lake  tlie  Maragnon  or  Amazon^s  river, 
which,  after  running  northward  for  about  100  miles,  takes 
an  easterly  direction,  and  crosses  nearly  the  broadest  part 
of  SoutJi  America,  and  falls  into  tlie  great  western  ocean 
at  Para,  after  a  course  of  not  less  than  3500  mites.  In  the 
first  half  of  its  descent  it  receives  a  few  middle-biKed  rivers 
from  the  north,   and   from   the  south  it  receives  the  great 

Kver   Combos,  springing  from  anolher  little  lake  not  50 
oles  distant  from  the  head  of  the  Maragnon,  and  enclos- 
g  between  them  a  wide  extent  of  country.     Then  it  re- 
ives the  Yuta,   the  Yuer^'a,  the  Cuchivara,  and  Parana 
Mire,   each  of  which  is  etjual  to  the  Khine  ;   and  then  the 
Madeira,  which   has  Howed  above  1300  miles.     At  tlieir 
junction  the  breadth  is  so  great,  lliat  neither  shore  can  be 
seen  by  a  person  standing  up  in  a  canoe ;  so  tliat  the  unit- 
ed stream  must  be  about  six  mUes  broad.     In  this  majestic 
form  it  rolls  along  at  a  prodigious  rate  through  a  flat  coun- 
try, covered    with    impenetrable    forests,  and    most  of  it 
as  yet  untrodden   by  human  feet     Mr  Cundauiiue,  who 
came  down  the  stream,  says,  that  all  is  silent  as  tlie  desert, 
and  the  wild  beasts  and  numberless  birds  crowd  round  the 
boat,  eyeing  it  as  some  animal  of  which  they  did  not  seem 
afraid.     The  bed  was  cut  deep  through   an  equal  and 
yielding  soil,  whicli  seemed  rich  in  every  port,  if  he  could 
ge  by  the  vegetation,  which  was  rank  in  the  extreme. 
lat  an  addition  this  to  the  possible  population  of  this 
globe !     A  narrow  slip  along  each  bank  of  this  mighty 
fer  would  equal   in   suriacc  the  whole   of  Evirope,   and 
uld  probably  exceed  it  in  general  fertility  :  an( 
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Ihe  velocity  in  the  inain  itreom  was  gnmif  bo 

that  it  was  extremely  moderate,  nay  almost  still,  at  iht 

ttcks ;  so  that  Ln  those  parts  where  tlic  country  va«  ifr. 

habited  by  men^  tlie  Indians  paddled   up  the  rircr  with 

perfect   ease.     Boats  could   go  from    Para   to   near  (be 

mouth  of  the  Madeira  in  3S  days^  which  is  near  ISOO 

miles. 

Mr  Condomine  made  an  obaerration  during  his  pump 
down  the  Maragnon,  which  is  extremoly  curious  and  in- 
Btructive,  although  it  puxzted  him  very  mucli.    lie  ubacrr* 
ed  that  the  tide  was  sensible  at  a  vast  di&tanoe  frou  (be 
mouth :   it  was  very  considerable  at  the  junctkm  of  tk 
Madeira;  and  he  supposes  that  it  might  have  been  olxcfV* 
ed  mucli  farther  up.     This  appeared  to  him  very  suxpo^ 
ing,  because  there   could  be  no  doubt  but   that  the  loiv 
face  of  the  water  there  was  higher  by  a  great  many  Icot 
than  the  surface  of  the  flood  of  the  Atlantic  Ocean  at  dv 
mouth  of  the  river.     It  was  tliercfore  very  natural  for  bin 
lo  ascribe  the  tide  in  the  Maragnon  to  the  immediate  octiao 
of  the  moon  on  its  waters ;  and  this  explanation  was  the 
more  reasonable,  because  the  river  extends  in  tiie  directiai 
of  terrestrial  longitude,  which,  by  the  Newtonian  theoijf 
b  most  favourable  to  the  production  of  a  tide.    Journeying 
as  he  (hd  in  an  Indian  canoe,  we  cannot  sup|Xiee  thai  be 
iiad  much  leisure  orconveniency  for  calculations,  and  there- 
fore are  not  surpiised  that  he  did  not  see  that  even  this  or- 
cumstancc  was  of  little  avail  in  so  small  or  shallow  a  body 
of  wfltcr.     He  carefully  noted,  however,  the  times  of  high 
and  luw  water  as  he  passed  along.     When  arrived  at  Vat*% 
he  found  not  only  that  the  high  water  was  laicr  and  hjltf* 
as  we  arc  farther  from  the  mouth,  but  he  found  iJiat  at  ok 
and  the  same  instant  there  were  several  points  of  high  waiW 
between   Para  and  the  confluence  of  the    Madeira,  with 
points  of  low  water  intervening.    This  conclusion  was  atfiijr 
drawn  from  his  own  observations,  alt'        '    Ik-  could  oC 
»ee  at  one  instant  the  high  waters  in  n      •■  ■  ■  ■  j»lacet.    H^ 
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nad  only  lo  compute  the  time  of  liigh  water  at  a  particular 
spot,  on  the  day  he  observed  it  at  anotlier;  allowing,  as 
usuaii  for  the  moon^'s  change  of  position.  The  result  of  his 
observations  therefore  was,  iliat  the  surface  of  tJie  river  waa 
not  nn  inclined  plane  whose  slope  was  lessened  by  the  tide 
of  flood  at  the  mouth  of  the  river,  but  that  it  was  a  waving 
line,  and  that  the  propagation  of  the  tide  up  the  river  was 
nothing  different  trom  the  propagation  of  any  other  wave. 
We  may  conceive  it  clearly,  though  imperfectly,  in  this 
way.  Let  the  place  be  noted  where  the  tide  happens  18 
liours  later  than  at  the  mouth  of  the  river.  It  is  evident 
that  tliere  is  also  a  tide  at  the  very  mouth  at  the  same  in- 
stant ;  and,  since  the  ocean  tide  had  withdrawn  itself  dur- 
ing the  time  that  the  former  tide  had  proceeded  so  far  up 
the  river,  and  the  tide  of  ebb  is  successively  felt  above  as 
well  as  (he  tide  of  flood,  there  must  be  a  low  water  between 
these  two  high  waters. 

Newton  had  pointed  out  this  curious  fact,  and  observed 
that  the  tide  at  London-Bridge,  which  is  43  feel  above  tiie 
sea,  is  not  the  same  with  that  at  Gravesend,  but  tlic  pre- 
ceding tide  (Sec  Phil  Trans.  67.)  This  will  be  more 
particularly  insisted  on  in  another  place. 

Not  far  from  the  head  of  the  Maragnon,  the  Cordilleraa 
send  off  a  branch  to  the  north-east,  which  reaches  and 
ranges  along  the  shore  of  the  Mexican  Gulf,  and  the 
Rio  Grande  dc  Sta  Martha  occujnes  the  angle  between  Uie 
ridges. 

Another  ridge  ranges  with  interruptions  along  the  cast 
coast  of  Terra  Firma,  so  that  the  wliole  waters  of  this 
country  are  collected  into  the  Oroonoko.  In  like  manner 
the  north  and  cast  of  Brasil  are  hemmed  in  by  mountainous 
ridges,  through  which  there  is  no  considerable  passage ; 
^«)d  the  ground  sloping  backwards,  all  the  waters  of  this 
^^btnense  track  arc  collected  from  both  sides  by  many  con- 
^^Herablc  rivers  into  the  great  river  Paraguay,  or  Rio  de  la 
^Hlata,  which  runs  down  the  middle  of  this  couiitrv  ^- 
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than  1 400  miles^  aod  falls  into  the  sea  ihrougli  a  rast  moa\h 
in  latitude  35*=^. 

Thus  the  whole  of  Soutli  America  seems  us  if  it  had  been 
formerly  surrounded  by  a  mound,  and  been  a  great  besuL 
The  ground  in  the  middle,  where  the  Purama^  tlie  Miideita, 
and  the  Plata,  lake  their  rise,  is  an  immense  marsh  unio- 
habitable  for  its  exhalations,  and  quite  impervious  m  iti 
present  state. 

The  manner  in  whicli  the  condnent  of  North  America  if 
watered,  or  rather  drained,  has  also  some  peculiarities 
By  looking  at  the  map,  one  will  observe  first  of  all  a  grne^ 
ral  division  of  the  whole  of  the  best  known  part  into  iwoy 
by  the  valleys  in  which  tlic  beds  of  the  river  St  Laurcttt 
and  Mississippi  are  situated.  The  head  of  tliis  is  occupnod 
by  a  singular .  series  of  fresh- water  seas  or  lakes^  ti*.  the 
lake  Superior  and  Michigan,  which  empty  tiiemselres  into 
lake  Huron  by  two  cataracts.  This  again  runs  into  lake 
Erie  by  the  river  Detroit,  and  the  Eric  pours  its  watffs 
into  the  Ontario  by  the  famous  fall  of  Niagara,  and  frwn 
the  Ontario  proceeds  the  great  river  St  Laurence.  | 

The  ground  to  the  south-west  of  the  lakes  Superior  aod 
Erie  is  somewhat  lower,  and  the  middle  of  ilie  valley  is  oc- 
cupied by  the  ISIississippi  and  the  Missouri,  which  r«wte 
on  both  sides  a  number  of  smaller  streams,  and  baring 
joined,  proceed  to  the  south,  under  the  name  MtssisssppL 
In  latitude  37,  this  river  receives  into  its  bed  the  Ohio,  ■ 
river  of  equal  magnitude,  and  the  Cherokee  river,  which 
drains  all   the   country  lying  at  the  back  of  t}\e  Umini 
States,  separated   from  them  by  the  ranges  of  tJ)c  Apaln- 
chian  mountains.     The  Mississippi  is  now  one  of  the  chid* 
rivers  on   the  globe,   and   proceeds  due  south,  till  it  falU 
into  the   Mexican  bay  through   several   shirting  moutbii, 
which  greatly  resemble  those  of  the  Danube  and  the  Nilf, 
having  run  above  1200  miles. 

The  elevated  country  between  this  bed  of  the  '  ' 

and  St  Laurence  and  the  Atlantic  Ocean  is  druii.^  v. 
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east  side  by  a  great  number  of  rivers,  some  of  which  are 
Tcry  considerable,  and  of  long  course ;  because,  instead  of 
being  nearly  at  right  angles  to  the  coast,  as  in  other  coun- 
tries, tliey  are  in  a  great  measure  parallel  to  it.  This  b 
more  remarkably  the  case  with  Hudson's  river,  the  Dela- 
ware, Patomack,  Rapahanoc,  &c.  Indeed  the  whole  of 
North  America  seems  to  consist  of  ribs  or  beams  laid  near- 
ly parallel  to  each  other  from  north  to  south,  and  the  rivers 
occupy  the  interstices.  All  tliose  which  empty  them- 
selves into  die  bay  of  Mexico  are  parallel  and  aln)Ost  per- 
fectly  straight,  unlike  what  arc  seen  in  other  parts  of  the 
world.  The  weslermost  of  them  alt,  the  Nortli  River,  as 
it  is  named  by  the  Spaniards,  is  nearly  as  long  as  the  Mis- 
nssippi. 

We  are  very  little  informed  as  yet  of  the  distribution  of 
rivers  on  the  north-west  coast  of  America,  or  the  course  of 
those  which  run  into  Hudson's  and  Baffin's  Bay. 

The  Maragnon  is  undoubtedly  the  greatest  river  in  the 
world,  both  as  to  length  of  run  and  tlie  vast  body  of  water 
which  it  rolls  along.  The  other  great  rivers  succeed  nearly 
in  the  following  order : 


Maragnon, 

Senegal, 

NUe, 

St  Laurence, 

Hoangho, 

Aio  dc  la  Plata, 

Yenisey, 

Mississippi) 

Volga, 

Objr, 

We  have  been  much  assisted 
course  of  rivers,  and  their  distribution  over  the  globe,  by  a 
beautiful  planisphere,  or  map  of  the  world,  publislied  by  Mr 
Bode,  astronomer  royal  at  BcrUu.  The  ranges  of  moun- 
uin-i  are  there   laid   down   with   philosophical  discernment 


Amur, 

Oroonoko, 
Ganges, 
Euphrates, 
Danube, 
Don, 
Indus, 
Dnieper, 
Duina, 
&c 

this  account  of  the 
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And  precision ;  and  wc  reooxnniend  it  to  the  notice  of  ov 
geographers.  We  oannol  divine  what  has  caused  Mr  Boi 
fon  to  say  that  the  course  of  most  rirera  b  from  eaai  to 
west,  or  from  west  to  east  No  physical  point  of  tes  ip- 
tern  seems  to  requLre  it>  and  it  needs  onJy  that  we  look  tf 
his  own  map  to  see  its  falsity.  We  sliould  nrntuTiUy  tX' 
pect  to  find  the  gtneral  couree  of  rivers  nearly  perp«adi- 
cular  to  the  line  ^  sea-coast :  and  we  find  it  so  ;  and  ibr 
chief  exceptions  arc  in  oppositicm  to  Mr  BufTon^s  asicertiaD. 
The  structure  of  America  is  so  particular^  that  vefyjhfd 
its  rivers  have  their  general  course  in  tlus  directioa.  Vft 
proceed  now  tu  consider  the  motion  of  rivers ;  a  subjttl 
which  naturally  resolves  itself  into  two  paita»  thtorttM 
and  practicaL 


PAttT   I. 


THEORY  OF  THE  MOTION  OF  RIVERS 
AND  CANALS. 


Trb  importance  of  this  subject  needs  no 
tary.  Every  nation,  every  country,  every  city,  U  intend- 
ed in  it.  Neither  our  wants,  our  comforts,  nor  our  pItt- 
sures,  can  dispense  with  an  ignorance  of  it  We  must  cod- 
duct  their  waters  to  the  centre  of  our  dwellings  ;  we  mfl* 
secure  ourselves  against  their  ravages ;  we  must  ctnpkiT 
them  to  drive  those  machines  which,  by  compensating  for 
our  personal  weakness,  make  a  few  able  to  perform  tlw 
work  of  thousands ;  we  employ  them  to  water  and  fertHiff 
our  fields,  to  decorate  our  mansions,  to  cleanse  and  cn^ 
bcUish  our  cities,  to  preserve  or  extend  our  deinefitiMf  to 
transport  from  count  v  to  county  every  th''  > '  li  mc#- 
sity,  convenience,  or  luxury,  has  rendered^ —   ..    tomsnt 
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Uiwe  purposes  we  must  confine  and  govern  the  mighty 
rivers,  we  must  preserve  or  change  the  beds  of  the  smaller 
»treaiiis»  draw  off  from  them  what  shall  water  our  fields, 
drive  our  machines,  or  supply  our  houses.  We  must  keep  up 
their  waters  for  the  purposes  of  navigation,  or  supply  th«r 
places  by  canals  ;  we  must  drain  our  fens,  and  defend  them 
when  drained;  we  must  understand  their  motions,  and  their 
mode  of  secret,  slow,  but  uncea.sing  action,  that  our  bridges, 
our  wharfs,  our  dikes,  may  not  become  heaps  of  ruins.  Ig- 
norant how  to  proceed  in  these  daily-recurring  cases,  how 
often  do  we  see  projects  of  high  expcclation  and  heavy  ex- 
pense lail  of  their  object,  leaving  the  slate  burdened  with 
works  not  only  useless  but  frequently  hurtful  ? 

This  has  long  been  a  most  interesting  subject  of  study  in 
Italy,  where  the  fertility  of  their  fields  is  not  more  indebted 
to  their  rich  soil  and  happy  climate,  than  to  their  numerous 
derivations  from  the  rivers  which  traverse  them  :   and  in 
HoHoad  and  Flanders,  where  their  very  existence  requires 
unceasing  attention  to  the  waters,  which  are  every  moment 
ready  to  swallow  up  the  inhabitants,  and  where  the  inha- 
■ftiUBta,  having  once  subdued  this  formidable  enemy,  have 
HBlde  tho«e  very  waters  their  indefatigable  drudges,   tran- 
fporting  tljxough  every  corner  of  the  country  the  materials 
of  the  most  extensive  commerce  on  the  (ace  of  this  globe. 

Such  having  been  our  incessant  occupations  with  moving 
waters,  we  should  expect  that  while  the  operative  artists  are 
coDlioually  furnishing  facts  and  experiments,  the  man  of 
speculative  and  scientific  curiosity,  excited  by  the  import- 
ancc  of  liie  &iibjcct,  would  ere  now  have  made  con^derable 
pro^Deifi  in  the  science  ;  and  that  the  professional  cDgineer 
would  be  daily  acting  from  established  principle,  and  be 
seldom  diha|>pjintcd  in  bis  expectations.     Unfortunately 
tile  reverse  of  this  la  nearly  the  true  state  of  the  case;  each 
engineer  h»  obliged  to  collect  the  greatest  part  of  his  know- 
ledge from  his  own  experience,  and  by  many  dear-bought 
leaK>ns,  to  direct  his  future  operations  in  which  bpsliii 
vol.  It.  S  c 
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proceeds  with  anxiety  and  hesttallon :  for  we  have  Dot  yd 
acquired  principles  of  theory,  nnd  experimenls  haie  not 
yet  been  collected  and  published^  by  which  an  cropinal 
practice  might  be  safely  formed.  Many  experiments  of  io- 
estimable  value  are  daily  made;  but  liiey  remain  witfa 
their  authors,  who  seldom  have  either  leisure,  ability*  or 
generosity,  to  add  them  to  the  public  stock. 

The  motion  of  waters   have  beea  really  <o  Uuuc  lu- 

vestigated  as  yet,  that  hydraulics  may  stilt  be  called  a  aev 

Btudy.     We  have  merely  skimmed  over  a  few  commoo  oo* 

tions  concerning  the  motions  of  water;  and  tlie  mathoiu* 

ticians  of  the  first  order  seem  to  have  cx>nteTiied  (hemsdvo 

with  such  views  as  allowed  them  to  entertain  themttlra 

w^ith  elegant  applications  of  calculus.     This,  however,  ba« 

not  been  their  fault.     Tliey  rarely  had  any  opportunity  of 

doing  more,  for  want  of  a  knowledge  of  fact«.     They  hatf 

knode  excellent  use  of  the  few  which  have  been  given  ibcsD; 

but  it  required  much  labour,  great  variety  of  opportunitji 

and  great  expense,  to  learn  the  multiplicity  of  things  vhidt 

are  combined  even  in  the  simplest  cases  of  water  in  motioii. 

Tliese  are  seldom  the  lot  of  the  mathematician  ;  and  he  t» 

without  blame  when  he  enjoys  the  pleasures  witliin  his 

reach,  and  cultivates  the  science  of  geometry  in  its  most 

Abstracted  form.     Here  he  makes  a  progress  which  is  the 

boast  of  human  reason,  being  almost  ensured  from  error  by 

the  intellectual  simplicity  of  his  subject.     But  when  vt 

turn  our  attention  to  material  objects,  and  without  kncr«- 

ing  either  the  size  and  shape  of  the  elementnr}'  portidfl^ 

or  the  laws  which  nature  has  prescribed  for  tlietr  acttMf 

'presume  to  foresee  their  efiects,  calculate  tlieir  excfftipflil 

[direct  their  actions,  what  must  be  the  consequence  ?    N*- 

'tiire  shows  her  independence  with  respect  to  otxr  n&doBif 

I,  always  faithful  to  the  laws  whicli  are  enjoined^  and  ■ 

rhich  we  are  ignorant,  she  never  fails  to  thwart  our  vievi. 

disconcert  our  projects,  and  render  useless  all  our  if- 

forts. 


■M 


theohy  of  kivers. 


391 


S\  to  know  the  nature  of  the  elements  is  vain, 
jro9S  organs  are  insufficient  for  the  study.  To 
what  wc  do  not  know,  and  to  fancy  shapes  and 
^ill ;  this  Lft  to  raise  phantoms,  and  will  produce  a 
Hit  will  not  prove  a  foundation,  for  any  science, 
iterrogate  Nature  herself,  study  the  laws  which  she 
iBy  observes,  catch  Iter,  as  we  say,  in  the  fact,  and 
It  from  her  the  secret ;  this  is  llie  only  way  to  be- 

master,  and  it  is  the  only  procedure  consistent 
d  sense.  And  we  see,  that  soon  after  Kepler  de- 
B  laws  of  the  planetary  motions,  when  Galileo  dis- 
jie  uniform  acceleration  of  gravity,  when  Paschal 
d  the  pressure  of  the  atmosphere,  and  Newton  dis- 
the  laws  of  attraction  and  the  track  of  a  ray  of 
itroDomy,  mechanics,  hydrostatics,  chemistry,  op- 
Uiy  became  bodies  of  sound  doctrine ;  and  tlic  de- 
jlfom  their  respective  theories  were  found  fair  re- 
ions  of  the  phenomena  of  nature.  Whenever  a 
discovered  a  law  of  nature,  he  has  laid  the  fouo- 
'  a  science,  and  he  has  given  us  a  new  mean  of  sub- 
i  our  service  some  element  hitherto  independent  : 
'"g  ^  groups  of  natural  operations  follow  a  route 
ipcors  to  us  whinisiail,  and  will  not  admit  our  caU 
f.  we  may  be  assured  that  we  are  ignorant  of  the 

which  connects  them  all,  and  regulates  their  pro- 


is  remarkably  the  case  with  several  phenomena 
>tions  of  fluids,  and  particularly  in  the  motion  of 
a  bed  or  conduit  of  any  kind.  Although  the  first 
of  Europe  have  for  this  century  past  turned  much 
Lttention  to  this  subject,  we  are  almost  ignorant  of 
ral  law9  which  may  be  observed  in  their  motions. 
;  been  able  to  select  very  few  pi/uits  of  resemblance, 
i^Obe  remains  nearly  an  individual.  About  loQ 
■0  discovered,  by  experience  only,  tlie  quantity 
^Kof  water  issuing  from  a  small  orifice,  an<l^j, 
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tcr  mucli  labour,  have  extended  this  to  anj  orifice  \ 
this  is  almost  the  whole  of  our  confidential  knowledge. 
OS  to  the  uniform  course  of  tlie  &ti'eams  whicli 
face  of  the  earthy  and  the  maxims  which  will  cerlainlj 
gulaie  this  agreeably  to  our  wishes,  we  are  in  m 
totally  ignorant.  Who  can  pretend  to  wy  what  is 
velocity  of  a  river  of  which  you  tell  hhn  the  breadth, 
the  depth,  and  the  declivity  ?  Who  cjin  say  what  swell  will 
lie  produced  in  different  parts  of  its  course,  if  a  dam  or 
weir  of  given  dimenbions  be  made  in  it,  or  a  bridge  bt 
thrown  across  it  ?  or  how  much  its  waters  will  be  raised  by 
turning  another  stream  into  it,  or  sunk  by  takixig  offa 
'branch  to  drive  a  mill  ?  Who  can  say  with  coofidcnor 
what  must  be  the  dimensions  or  slope  of  this  brandi,  moN 
rder  to  furnish  the  water  that  is  wanted,  or  the  dimcftswQ* 
[tod  slope  of  a  canal  which  shall  effectually  draiD  a  femtf 
istrict  ?  Who  can  5ay  what  form  will  caus«  or  will  («- 
rent  the  undermining  of  banks,  the  forming  of  elbowf,  tfar 
pooling  of  the  bed,  or  the  deposition  of  sands?  Yet  the* 
are  the  most  important  questions. 

The  causes  of  this  ignorance  are  the   want  or  ancrr- 
tajnty  of  our  principles;  the  falsity  of  our  only  :* 
which  is  belied  by  experience;  and  the  small  duuiU>  • 
proper  observations  or  experiments,  and  diflicultj  of  nnak- 
in^  such  as  shall  be  serviceable.     We  have,  it  is  Irtie,  niiwfc 
a  few  experiments  on  the  efflux  of  water  from  small  orificc% 
and  from  ihcm  we  have  deduced  a  sort  of  theory*,  depend- 
ent on  the  fall  of  heavy  bodies  and  the  laws  of  hyth^i«tniir 
pressure.     Hydrostatics  is  indeed  founded  on  very 
principles,  which  give  a  ver)'  good  account  of  ihe  i. 
the  quiescent  equilibrium  oJ*iluids,  in  consc^quencc  i- 
vity  and  perfect  fluidity-     But  by  what  train  of  rrfi- 
can  we  connect  these  with  the  phenomena  of  the  in; 
motion  of  the  waters  of  a  river  or  open  stream,  wh»< 
derive  its  motion  only  from  the  sk)pe  of  its  surface,  and  the 
modificationB  ofthiv  motion  or  ha  velocity  only  iVosi  tli* 
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^^width  and  depth  of  the  stream  ?     These  are  the  only  cir- 
cumstances which  can  distinguisli  a  portion  of  a  river  from 
IV^cssel  of  the  same  si/e  and  shape,  in  which,  however,  the 
water  b  at  rest.     In  both,  gravity  is  the  sole  cause  of  pres^- 
sure  and  motion  ;  but  there  must  be  some  circumstance  pe- 
ji   culiar  to  running  waters,  "vvliich  modifies  the  exertions  of 
the  active  principle,  and  which,  when  discovered,  must  be 
the  basis  of  hydraulics,  and  must  oblige  us  to  reject  every 
theory  founded  on  fancied  hypotheses,  and  which  can  only 
lead  to  absurd  concluidons:  and  surely  absurd  consequences, 
when  legitimately  drawn,  are  complete  evidence  of  impro- 
per principles. 
^^When   it  was  discovered  experimentally,  that  the  ve- 
^^pties  oi'  water  issuing  from  oriBces  at  vanous  depths  un- 
^^m  the  surface  were  as  the  scjuare  roots  of  those  depths, 
^Hd  the  fact  was  veritied  by  repeated  expenments,  thisprin- 
^l|)]e  was  immediately  and  without  modification  applied  to 
every  motion  of  water.     Mariotlc,  Vai'ignon,  Gughelmini, 
made  it  the  basis  of  complete  systems  of  hydraulics,  which 
prevail  to  this  day,  aAor  having  received  various  amend- 
ments and  modifications.     The  same   reasoning  obtains 
through  them  all,  though  frequently  obscured  by  other 
circumstances,  which  are  more  conspicuously  expressed  by 
Guglielmini  in  his  Fundamental  Theorems. 

He  considers  cxcry  point  P  (Plate  IX.  Fig.  1.)  in  a 
moss  of  fluid  as  an  orifice  in  the  side  of  a  vcsse],  and  con- 
ceives the  particle  as  having  a  tendency  to  move  with  the 
Ke  velocity  with  which  it  would  issue  from  the  orifice. 
!refore,  if  a  vertical  line  APC  be  drawn  through  that 
|ju<iit,  and  if  this  be  made  the  axis  of  a  parabolic  AD£,  of 
K:h  A  at  the  surface  of  the  fluid  is  the  vertex,  and  AB 
r  limes  the  height  through  which  a  heavy  body  would 
in  a  second)  is  the  parameter,  the  velocity  of  lliis  pai'- 
will  be  represented  by  the  ordinate  PD  of  this  para- 
fa  ;  that  is,  PD  is  the  space  which  it  would  uniformly 
sribe  tn  a  second. 
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From  this  principle  b  derived  the  following  llieory  of 
ninning  waters : 

Let  DC  (Fig.  2.)  be  the  horizontal  bottom  of  a  resendl^ 
to  which  is  joined  a  sloping  channel  CK  of  unUbrtn  bnadth^ 
and  let  AB  be  the  surface  of  the  standing  wraler  in  the  rt- 
AervQor.  Suppose  the  vertical  plane  BC  pierced  widi  so 
infinity  of  holes,  through  each  of  which  the  water  amtx 
The  velocity  of  each  filament  will  be  tliat  which  u  aoquBTtd 
hy  falling  from  the  surface  AB.  f  The  filament  C,  imh 
ing  with  this  velocity,  will  then  glide  down  the  incliwd 
plane  like  any  other  heavy  body  ;  and  (by  the  oooBDaa 
doctrine  of  the  motion  down  an  inclined  plane)  when  it  \m 
arrived  at  F,  it  will  have  the  same  velocity  wliich  it  wau!d 
have  acquired  by  falling  through  the  height  OF,  the  point 
O  being  in  the  horizontal  plane  AB  produced-  The  anse 
way  be  said  o£  its  velocity  when  it  arrives  at  FI  or  K.  Thi 
'fiinment  immediately  above  C  will  also  issue  with  a  veloci- 
ty which  is  in  the  subduplicate  ratio  of  its  depth»  and  will 
then  glide  down  above  the  first  filament.  The  some  aaj  be 
affirmed  of  all  the  filaments  ;  and  of  the  superficial  filammV 
wliich  will  occupy  the  surface  of  the  descending  stream. 

From  this  account  of  the  genesis  of  a  running  stream  of 
water,  we  may  fairly  draw^  the  following  consequences: 

1.  The  velocity  of  any  particle  11,  in  any  partoftlicstnaffl, 
is  that  acquired  by  falling  from  the  horizontal  plane  AN. 

2.  The  velocity  at  the  bottom  of  the  stream  iscreiy- 
1^'here  greater  than  anywhere  abov?  it,  and  is  least  of  all  ft 
the  surface. 

3.  The  velocity  of  the  stream  increases  cuntinually  as  fh? 
stream  recedes  from  its  source. 

4f.  The  depths  EF,  GH,  &c.  in  difrtivnt  paits  ui  yu^ 
Btream,  will  be  nearly  in  the  inverse  subduplicaie  ratio  o( 
the  depths  under  the  surface  AN :  for  wnec  the  samcqui*- 
'tity  uf  water   is  running  through  every  sccticin  EF  W 

+  Sec  Ungfielmini'i  I/ytirautic4, 
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|GH,  and  the  channel  is  supposed  of  uniform  breadlby  the 
tepth  of  each  section  must  be  inversely  as  the  velocity  of 
water  passing  tlirough  it.  This  velocity  is  indeed  dif- 
ferent in  dilTerent  filaments  of  the  section ;  but  tlie  mean 
veJocJty  in  each  section  is  m  the  subdupUcate  ratio  of  the 
lepth  of  the  filament  under  the  surface  AD.  Therefore 
le  stream  becomes  more  shallow  as  it  recedes  from  the 
»urce ;  and  in  consequence  of  this  the  difference  between 
IM  and  MG  continually  diminishes,  and  the  velocities  at 
the  bottom  and  surface  of  the  stream  continually  approach 
to  equality,  and  at  a  great  distance  from  the  source  they 
diflPer  insensibly. 

5.  If  the  breadth  of  the  stream  be  contracted  in  any 
port,  the  depth  of  the  running  water  will  be  increased  in 
that  part,  because  the  same  quantity  must  btiU  pass  through ; 

t  the  velocity  at  tl)e  bottom  will  remain  the  same,  and 
t  at  the  surface  will  be  less  than  it  was  before  ;  and  the 
a  of  the  section  will  be  increased  on  the  whole. 

6.  Should  a  sluice  be  put  across  the  stream,  dipping  a 
little  into  the  water,  the  water  must  immediately  rise  on  tlie 

per  side  of  the  sluice  till  it  rises  above  the  level  of  the 
rvuir,  and  the  smallest  immersion  of  the  sluice  will  pro- 
duce this  effect.  For  by  lowering  the  sluice,  the  area  of 
the  section  is  diminished,  and  the  velocity  cannot  be  in- 
till  the  water  heap  up  to  a  greater  height  than  the 
ace  of  the  reservoir,  and  this  acquires  a  pressure  whicli 
produce  a  greater  velocity  of  elHux  through  the  orifice 
below  the  sluice. 
7.  An  addilioual  quantity  of  water  coming  into  this 
diauncl  will  increase  the  depth  of  the  stream,  and  the  quan- 
of  water  which  it  conveys ;  but  it  will  not  increase  the 
ity  of  the  bottom  filaments,  unless  it  comes  from  a 
higher  source. 

All  diesc  consequences  are  contrary  to  experience,  and 
»how  the  imperfection,  at  least,  of  the  e^tplanation. 

The  third  consequence  i&  of  ail  the  mobt  contrary  to  cx^ 
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WO' 

I 


periencr, 

Ing  a  single  brook 
[most  rapid  in  its  beginnings  among  the  mountiuns  gra- 
dually sbickening  its  pace  as  it  winds  ouaung  the  hlll«  «od 
gentler  decJivitics,  and  at  last  creeping  slowly  along  tbrDa|ii 
the  flat  grounds,  till  it  13  checked  and  brought  U>  rot  bf 
tlie  tides  of  the  ocean. 

Nor  is  the  second  consequence  more  agreeable  to  obi0> 
vatkm.     It  is  universally  found,  that  tl»c  velocity  of  ibe 
;&ce  in  the  middle  of  the  stream  is  the  greatest  of  all, 
that  it  gradually  diminishes  from  thence  to  the  bottom 
^ides. 

And  the  first  consequence,  if  true,  would  render  the 
funning  waters  on  the  surface  of  thb  earth  the  instrumenu 
if  immediate  ruin  and  devastation.  If  the  waters  of  our 
ivers,  in  the  cultivated  parts  of  a  country^  which  are  t«0| 
three,  and  four  hundred  feet  lower  than  Uieir  sources,  nn 
with  the  velocity  due  to  that  height,  tliey  would  in  a  ffw 
minutes  lay  the  earth  bare  to  the  very  bones. 

The  velocities  of  our  rivers,  brooks,  and  rills,  bemg  «o 
greatly  inferior  to  what  this  theory  assigns  to  them, 
other  consequences  are  equally  contrary  to  ex] 
When  a  stream  has  its  section  diminished  by  narroi 
the  channel,  the  current  increases  in  depth,  and  this 
ways  accompanied  by  an  increase  of  velocity  through 
whole  of  tlie  section,  and  most  of  all  at  the  surface;  ind 
the  area  of  the  section  does  not  increase,  but  diminislics,  all 
the  phenomena  thus  contradicting  in  every  *''  "'■« 

the  deducrion  (Vom  the  theory;  and  when  the  ,:....  ia» 
been  diminished  by  a  sluice  let  down  into  the  stream,  tJ» 
water  gradually  heaps  up  on  the  tipyier  side  of  the  di 
and,  by  its  pressure,  produces  an  acceleration  of 
stream  below  the  sluice,  in  the  same  way  a^  if  it  weM 
beginning  of  a  stream,  as  explained  in  the  thcovy.  Tb 
velocity  now  is  composed  of  the  velocity  pr«cnred  trm 
the  source  and  the  velocity  produced  by  thk  stil 
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accumulation ;  and  this  accumulation  and  velocity  conti- 
ually  increase,  till  they  become  such  that  the  whole  aup- 
w  agnin  cli^hnrged  through  this  contracted  section : 
additional  water  not  only  increases  the  quantity  carried 
ng  llje  stream,  but  also  increusefithe  velocity,  and  thereu 
the  section  does  not  increase  in  the  proportion  of  the 
lily. 
t  is  surpriang  that  a  theory  really  founded  on  a  con* 
cat,  and  which  in  every  the  most  familiar  and  obvious  ciii> 
cuniBlance  is  contradicted  by  facts,  should  have  met  with 
fio  much  attention.  That  Varignon  should  immediately 
tch  at  this  notion  of  Guglielmini,  and  make  it  the  sub-^ 
of  many  elaborate  analytical  memoirs,  is  not  to  be 
dcred  at.  This  author  only  wanted  donnfr  prlte  au 
and  it  was  a  usual  joke  among  the  academicians  of 
when  any  new  theorem  was  invented,  domiofut  ie  d 
^gnon  ^  generali^er.  But  his  numerous  theorems  and 
llaiies  were  adopted  by  all,  and  still  make  the  sub- 
ee  of  the  present  systems  of  hydraulics.  Gravesande, 
benbrock,  and  all  the  elementary  treatises  of  natural 
phy,  deliver  no  other  doctrines ;  and  Belidor,  who 
been  considered  as  the  first  of  all  the  scientific  en» 
inGCTB,  details  the  same  theory  in  his  great  work  the 
^tiiecturc  Hydraidique. 

ugtielminj  was,   however,   not  altogether  the  dupe  of 
own  ingenuity.     He  was  not  only  a  pretty  good  mathe- 
ian,  but  an  assiduous  and  sagacious  observer.     He 
applied  his  theory  to  some  important  cases  which  oc- 
curred in  the  course  of  his  profession  as  inspector  of  the 
piTerB  and  canals  in  the  Milanese,  and  to  the  course  of  the 
SDanube  ;  and  could  not  but  perceive  that  great  corrections 
ere  necessary  for  making  the  theory  quadrate  in  some  to- 
te manner  with  observation ;  and  he  immediately  saw 
ihe  motion  was  gi  >  i  ucted  by  ine(|ualtties  of  the 

,  which  gave  to  the  tinunr  9  rf  'hr  -'ream 

tthc  motions,  <  r«. 
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gulor  progress  of  the  rest  of  ibe  stream,  and  thut  «.h'>A.' 

iu  genera)  progress.     These  ol>atructlonsa    he  uii-^r>ni 

were  most  effectual  in  the  beginning  of  its  course,  wl 

a  small  rill,  running  among  stones,  and  in  &  very  u 

bed.     The  whole  stream  be'mg  small,  the  inequalities  hat 

a  great  proportion  to  it,  and  thus  the  general  ^ 

great.     He  also  saw  that  the  same  causes  (tliesi-  t  .1  , 

motions  produced  by  the  unequal  bottom)  chicHv  iiU-i 

the  contiguous  filaments,  and  were  the  reasons  whj  ihe 

velocity  at  the  sides  and  bottom  was  so  uiucii  diminiArd 

as  to  be  less  than  the  superficial  velocilyy  and  thai  mo 

•this  might  come   to   be  diminished  by  the  aame  cuuc 

For  he  observed,  that  llie  general  stream  of  a  river  is  &fr 

^uently  composed  of  a  sort  of  boiling  or  tumbling  moticm. 

by  which  masses  of  water  are  brought  up  to  the  sur&CK 

and  again  descend.     £very  person  must  recollect  such  i^v 

pearances  in  the  freshes  of  a  muddy  river;  and  ia  thii 

way  Gughelmlni  was  enabled  to  account  in  some  mcanire 

for  die  disagreement  of  his  theory  with  observatioit. 

Mariottc  had  observed  the  same  obstructions  even  in  ti» 
smoothest  glass  pipes.     Here  it  could  not  be  ascribed  (0 
the  checks  occasioned  by  tranverse  motions.     He  tberefdiv 
ascribed  it  to  friction,  wliich  he  supposed  to  diminifib  the 
motion  of  Buid  IkmUcs  in   the  same  manner  as  of  solidt: 
and  he  theuce  concludes,  ttuit  the  filaments  which  isusoe- 
diately  rub  on  the  sides  of  the  tube  have  their  velocity  g»* 
dually  diminished  ;  and  that  the  filaments  immediately  ad- 
joining  to  these,  being  thus  obliged  to  pass  over  them  or 
outstrip  them,  rub  upon  them,  and  have  their  own  veloatjf 
diminished  in  like  manner,  but  in  a  smaller  degree ;  and 
that  the  succeeding  filaments  towards  the  axis  of  the  labe 
suffer  similar  but  smaller  diminutions.     By  this  means  the 
whole  stream  may  come  to  have  a  smaller  velocity  ;  aai 
at  any  rate,   the  medium  velocity  by  which  the  quanUtr 
discharged  is  determined,   is  smaller  than  it  wiKild  hiit 
been  indc]KMidcnt  of  friction. 
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Gisgtielnuni  adopted  this  opinion  of  Mttiotte,  and  in 
next  work,  on  the  Motion  of  Rivers,  considered  this  as 
the  chitf  cause  of  the  retardation  ;  and  he  added  a  third 
circumstance,  which  he  conadered  as  of  no  less  oonsiv 
qucncc,  the  viscidity  or  tenacity  of  water.  He  obBerves 
that  syrup,  oil,  and  other  fluids,  where  this  viscidity  is 
more  remarkable,  have  their  motions  |jrodigiously  retarded 
by  it,  and  supposes  Umt  water  diners  fnJm  them  only  in 
the  degree  in  which  it  possesses  this  quality  :  and  he  says, 
that  by  this  means  not  only  the  particles  which  are  moving 
more  rapidly  have  their  motions  diminished  by  those  in 
their  neighbourhood  which  move  slower,  but  that  tJie  fila- 
meuts  also  which  would  have  moved  more  slowly  arc  acce- 
lerated by  their  more  active  neighbours ;  and  that  in  tliis 
maimer  the  superficial  and  inferior  velocities  are  brought 
Desrer  to  an  equality.  But  this  will  never  account  for  the 
universal  fact,  that  the  superficial  particles  ore  the  swiftest 
of  all.  The  superficial  particles,  says  he,  acquire  by  this 
means  a  greater  velocity  than  the  parabolic  law  allows 
tbem ;  the  medium  velocity  is  often  in  the  middle  of  the 
depth ;  the  numerous  obstacles,  continually  multiplied  and 
repeated,  cause  the  current  to  lose  the  velocity  acquire<l  by 
the  fall;  tlie  slope  of  the  bottom  then  diminishes,  and 
oflen  becomes  very  small,  so  that  tlie  force  remaining  is 
hardly  able  to  overcome  the  obi»tacles  which  are  atill  re- 
peated, and  the  river  is  reduced  almost  to  a  slate  of  stag- 
natioo.  He  observes,  that  the  Rheoo,  a  river  of  the  Mi- 
kncae,  lias  near  its  mouth  a  slope  of  no  more  than  bO'\ 
wliicfa  he  considers  as  quite  inadequate  to  the  task  ;  and 
here  he  introduces  another  principle,  which  he  considers  aa 
aa  esKncia)  part  of  the  theory  of  open  currents.  This  is, 
that  there  arises  from  the  very  depth  of  the  stream  a  pro- 
pelhng  force  which  restores  a  part  of  the  lost  velocity.  He 
offers  nothing  in  proof  of  this  prindple,  but  uses  it  to  ac- 
oount  for  and  expbdn  the  motion  of  waters  in  borizooCal 
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canals*  Tlie  principle  has  been  adopted  bjr  the  aucnemii 
Italian  writers  oa  hydraulics;  anJ,  by  T&riotu  contrlnft. 
CCS,  interwoven  with  the  paral)ulic  llieorr,  as  il  U  called^  if 
GugUelmini.  Our  reader  may  6cc  it  iu  various  modifier 
tions  in  the  Idrattaika  e  Idraulica  of  F.  Lecchi,  and  in  tk 
Sperienze  Idratiliche  of  Miclielutti.  It  is  by  no  mvaia 
distinct  either  in  its  origin  or  iu  the  manner  of  its  applies 
tioD  to  the  explanation  of  phenomena,  aud  sceuu  only  to 
serve  for  giving  something  hkc  consistency  to  the  vagnt 
and  ol)scure  discussions  which  have  been  publtslicd  on  tlm 
subject  in  liuly.  We  have  already  remarked^  that  in  thai 
country  the  subject  is  particuiarly  intercftting,  and  l&as  been 
much  commented  upon.  But  the  writers  of  £aglsJid, 
France,  and  Germany,  have  not  paid  so  much  atlentioa  tv 
it,  and  Iiave  more  generally  occupied  tliemuclten  with  t&A 
motion  of  water  in  close  conduits,  which  seem  to  adinil  ^ 
a  more  precise  application  of  mathematical  reasoning. 

Some  of  those  liave  etmsidered  with  more  atteutioo  tbi 
effects  of  friction  and  vi&cidity.  Sir  Isaac  Newtoo,  viA 
his  usual  penetration,  had  seen  distinctly  tiie  manner  in 
vhich  it  behoved  these  circumstances  to  operate.  He  }utd 
occasion,  in  his  researches  into  the  mechanism  of  the  cckv 
tial  motions,  to  examine  the  famous  hypothesis  of  Des- 
cartes, tliat  the  planets  were  carried  round  the  sun  by  fluid 
vortices,  and  saw  that  there  would  be  no  end  to  uncertaintj 
and  dispute  till  the  modwi  operandi  of  these  vortices  wu 
mechanically  considered.  He  tlierefore  employed  him«if 
in  the  investigation  of  the  manner  in  which  the  acknov. 
ledged  powers  of  natural  bodies,  acting  according  to  the 
received  laws  of  mechanics,  could  produce  and  prtserr* 
these  vortices,  and  restore  that  motion  which  was  cxpendfd 
in  carrying  tlie  planets  round  the  sun.  lie  liiercforr,  to 
the  second  book  of  tlie  Principles  of  Natural  Philosopbj^ 
gives  a  series  of  beautiful  propositions,  viz.  51,5^,  Sec.  vitB 
their  corollaries,  sliowing  how  the  rotation  of  a  cyliDdatir 
sphere  round  its  axis  in  the  midst  of  a  fluid  will  exdlcs 
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ical  motion  in  this  fluid ;  and  he  osccrUins  with  nm- 
isuical  precision  tlie  motion  of  every  filament  oi*  this 
lex, 

[e  sets  out  from  the  snppnsilion  that  this  motion  is  ex- 

in  the  surrounding  Mratum  of  fluid  in  consequence 

want  of  perfect  luhricity,  and  assumes  as  an  hypotho- 

tliat  the  initial  resistance  (or  diminution  of  the  motion 

he  cylinder)  which  arises  from  this  want  of  lubricity,  is 

»portional  to  the  velocity  with  which  the  surface  of  the 

fltoder  is  separated  from  the  contiguous  surface  of  the 

[rrounding  fluid,   and  that  llie  whole  rcsiatance  is  pro- 

■tional  to  the  velocity  with  wliich  the  jiarti  of  the  fluid 

mutually  separated  from  each  other.     From  this,  and 

equality  of  action  and  re-aclion,  it  evidently  follows, 

the  velocity  of  any  stratum  of  the  vortex  ia  the  ariih- 

cal  medium  between  the  velocities  of  the  strata  imme* 

tely  within  and  without  it.     For  the  intermediate  slra- 

im  cannot  be  in  cquilibrio,  unless  it  is  as  much  pressed 

rard  by  the  superior  motion  of  the  stratum  within  it 

is  kept  back  by  the  slower  motion  of  the  stratum 

fchout  it. 

This  beautiful  investigation  applies  in  tlie  most  perfect 
tnanner  to  every  change  produced  in  the  motion  of  a  fluid 
filament,  in  consequence  of  the  viscidity  and  friction  of  the 
adjoining  filaments  ;  and  a  filaiueni  proceeding  along  a 
tnbe  at  some  small  distance  from  the  sides  has,  in  like 
manner,  a  velocity  which  is  the  medium  between  those  of 
filaments  immediately  surrounding  it.  It  is  therefore 
problem  of  no  very  difficult  solution  to  assign  the  law  by 
which  the  velocity  will  gradually  diminish  as  the  filament 
reoedes  from  the  axis  <>f  a  cylindrical  lube.  It  is  some- 
kat  surprising  that  so  neat  a  problem  has  never  occupied 
attentimi  of  the  mathematicians  during  die  time  tliat 
subjects  were  eo  assiduously  studied ;  but  so  it  is,  that 
ling  precise  has  been  published  on  the  subject.  The 
ftpproach  to  a  discussion  of  this  kind  is  «  MetnoiEr  of 
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Mr  Pitot,  read  to  the  academy  of  Paris  in  IT^  wV—  ^- 
considers  the  velocity  of  efflux  through  a  pipe.  1  i 
attending  to  the  comparative  superiority  of  the  ^lom/t/yy 
motion  in  large  pipes,  he  affirms*  tliat  the  total  dioBiro- 
tione  arising  from  friction  will  be  [cartcrit  parilnu)  a  tk 
inverse  ratio  of  the  diameters.  This  was  thanlcfuUv  n- 
ceived  by  other  writers,  and  is  now  a  part  of  our  hydnuli! 
theories.  It  h&s  not,  however,  been  attended  to  by 
who  write  on  the  motion  of  rivers,  though  it  is  evident 
it  is  applicahle  to  tliese  with  equal  propriety  ;  and  had  *d 
been  introduced,  it  would  at  once  have  solved  all  thdr 
Acuities,  and  particularly  would  have  shown  how  an 
imperceptible  declivity  would  produce  tJie  gentle  cnoiion  of 
a  great  river,  without  having  recourse  to  the  unintdLgililit 
principle  of  Guglielmini. 

Mr  Couplet  made  some  experiments  on  the  motion  of 
the  water  in  the  great  main  pipes  of  Versailles,  in  ordcrfio 
obtain  some  notions  of  the  retardations  occasioned  by  fli^ 
tion.  They  were  found  prodigious ;  but  were  ao  irr^u- 
lar,  and  unsusceptible  of  reduction  to  any  general  prin- 
ciple,  (and  the  experiments  were  indeed  so  few  tl  ■ 

were  unfit  for  this  reduction),  that  he  could  estaL 

theory. — What  Mr  Belidor  established  on  them,  and 
makes  a  sort  of  system  to  direct  future  engineers,  is  quite 
unworthy  of  attention. 

Upon  the  whole,  this  branch  of  hydraulics,  although  of 
much  greater  practical  importance  than  the  conduct  of  wi^ 
ter  in  pi{)eB,  has  never  yet  obtained  more  than  a  vagUKv 
and,  we  may  call  it,  slovenly  attention  from  the  moliiaii^ 
ticiana ;  and  we  ascribe  it  to  their  not  having  lakeo  tkt 
pains  to  settle  its  first  principles  with  the  same  prednaa  i> 
bad  l)een  done  in  the  otlier  branch.  They  we3ie,  from  tht 
beginning,  satisfied  with  a  sort  of  applicability  of  matbf- 
latical  prindples,  without  ever  making  the  applicaiKW- 
'Were  it  not  that  some  would  accuse  us  of  national  par- 
tialityi  we  would  ascribe  it  to  this,  that  Newton  had  oat 
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out  the  way  in  this  as  iu  the  uther  branch.  For 
utelligent  reader  of  the  pcrfomiances  on  the  motions 
kids  in  close  vessels,  will  see  that  there  has  not  a  pnn- 
f  hardly  a  step  of  investigation,  been  added  to 
lose  which  were  used  or  pointed  out  by  Sir  Isaac  New- 
m.  He  has  no  wliere  touched  this  question,  the  motion 
r  water  in  an  open  canal.  In  bis  theories  of  the  tides^ 
Hi  of  the  propagation  of  waves,  he  had  an  excellent  op- 
^knity  for  giving  at  once  the  fundamental  principles  of 
totion  in  a  frea  fluid  whose  surface  was  not  horizontal. 
tut,  by  means  of  some  oi^  those  happy  and  slu-ewd  goes* 
pSy  in  which,  as  Daniel  RemnulU  says,  he  excelled  all 
leiij  he  saw  the  undoubted  consequences  of  some  palpable 
beoomenon  which  would  answer  all  his  present  pur- 
oses,  and  therefore  entered  no  farther  into  the  invcsti- 
Btjon. 
The  original  theory  of  Guglielmini,  or  the  principle 

ftcd  by  him,  that  each  panicle  of  the  vertical  section 
running  stream  has  a  tendency  to  move  as  if  it  were 
ig  from  an  orifice  at  that  depth  under  the  surface,  is 
;  and  thut  it  really  does  sn  in  the  face  of  a  dam  when 
Bilood-gate  is  taken  away,  is  no  less  so  ;  and  if  it  did, 
■  subsequent  motions  would  hardly  have  any  resem- 
nuice  to  those  which  he  assigns  them.  Were  tliis  the 
ise,  the  exterior  form  of  the  cascade  would  be  something 
||C£  what  is  sketched  in  Plate  IX.  Fig.  3.  witJi  an  ab- 
mk  angle  at  B,  and  a  concave  surface  BEG.  This  will 
Rvident  to  every  one  who  combines  the  greater  velocity 
^be  lower  filaments  with  the  slower  motion  of  those 
Hii  must  slide  down  al)ove  them.  But  this  greater  ad- 
tmce  of  the  lower  filaments  cannot  take  place  without  an 
icpenditure  of  the  water  under  the  surface  AB.  Th 
jrlace  therefore  sinks,  and  B  instantly  ceases  to  retain  its 
Iacc  in  the  horizontal  plane.  The  water  does  not  sue 
ivcly  flow  forward  from  A  to  B,  and  then  tumble  over 
|irecipice ;  but  immediately  upon  opening  tJic  flood- 
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fide,  the  wAter  wistes  firao  tbe  spioe  tnmefialelj  MM 
it,  AAil  ihfi  vrikoi^  puU  oo  the  form  repiuentai  m  Fif  ^ 
OBMitfii^  of  ihe  ciirre  A  a  F  r  EG,  ooorex  from  A 
■nd  ooncAre  (rom  thence  forward.     Tbe  8aper6<atl 
begins  to  acioelerate  all  the  way  rrom  A ;  and  the 
BUj  be  suppoeed  (for  the  present)  to  have  aci|L 
velocity  conrespondiog  lo  their  dcpih  under  (he  hw 
surfaceb     This  must  be  undcntood  at  notbiog 
•  TOgoc  sketch  of  the  motions.     It  requires  a  very 
and  intricate  investigation  to  determine  either  the  ' 
the  upper  curve  or  the  motions  of  the  difiereot  tii_ 
The  place  A,  where  the  curvature  beginsk,   k»  of  «iVttf 
difficult   determination,   and  is   various  according  to  Ik 
diiTerences  of  depth  and  of  inclination  of  tbe  ■niuii^in 
canal. 

We  have  given  this  sort  of  history  of  the  progress  wlack 
bad  been  made  in  this  part  of  hydraulics,  that  our  reados 
might  form  some  opinion  of  the  many  dissertatjaos  vtiick 
have  been  written  on  the  motion  of  rivers,  and  of  tbe  siaM 
of  the  arts  depending  on  it.  Much  of  the  busanan  of  iW 
civil  engineer  is  intimately  connected  with  it :  and  wc  mtf 
therefore  believe,  that  «ince  thiffe  was  so  hltle  pontile  n 
the  theories,  there  could  be  but  very  little  certainty  O  the 
practical  operations.  The  fact  has  been»  that  i»o  iiigiimf 
could  pretend  to  say,  with  any  precision,  what  would  b 
the  eflcct  of  his  operations.  One  whose  busaneaa  hsd  gtna 
him  many  opportunities,  and  who  kq)t  accurate  and  judi- 
cious registers  of  his  own  works,  could  firuDouacCi  with 
flODie  probability,  liow  much  water  would  be  boaight  of 
by  a  drain  of  certain  dimensions  and  a  given  slope, 
tlie  circumstances  of  the  caae  happened  to  tally  with 
former  work  in  which  he  had  succeeded  or  failed  ;  but  oat 
cf  the  pale  of  bin  own  experience  he  could  only  makt  • 
MgariouH  guess.  A  remarkable  instance  of  thia  oomfll 
not  long  ago.  A  small  aqueduct  was  lately  taiiitid  hf$ 
Paria.     it  hod  been  conducted  on  a  plan  prcaented  19  ^ 
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had  corrected  it,  and  gave  n  rq^ort  of  w^hat 

rfnrmance  would  be.     Wlien  executed  in  the  most 

ite  m:itmer,  it  was  deficient  in  the  proportitm  of  five 

When  the  celebrated  1^  '    rs  was  employed 

city  of  Edinburgh  to  sm  kI  Uie  bringing  in 

iter  for  the  supply  of  tlie  city,  he  gave  a  report  on 

which  was  to  be  followed.    It  ^vas  executed  to  his 

te  satisfaction  ;  and  the  quantity  of  water  deUvered 

It  one-sixth  of  the  quantity  which  he  promiseil^ 

one-eleventh  of  ihe  quantity  which  the  no  less 

^  ''"'Laurin  cntculated  from  the  same  plan. 

._;  the  state  of  our  theoretical   knowledge  (if  it 
be  called  by  this  name),  naturalists  began  to  be  per- 
that  it  was  but  losing  time  to  make  any  use  of  n 
so  incongruous  with  observation,  and  thnt  the  only 
lethod  of  proceeding  was  to  multiply  ex])eriments  in 
variety  of  circumstances,  and  to  make  a  series  of  ex- 
its in  every  important  case,  which  should  comprc- 
■alt  iJie  practicable  modifications  of  that  case,     Per- 
circumslances  of   resemblance  might  occur,  which 
enable  us  to  connect  many  of  them  together,  and  at 
;ovcr  the  principles  which  occasioned  this  connec- 
PK  by  which  means  a  theory  founded  on  science  might 
obtained.     And  if  this  point  should  not  be  gained,  we 
j)erl»aps  find  a  few  general  facts,  which  are  modified 
particular  cases,  in  such  a  manner  that  wc  can 
the  general  facts,  and  sec  the  part  of  the  pnrticu- 
which  depends  on  it.     This  would  be  the  acquisi- 
►f  what  may  be  called  an  enipiriral  theory,  by  which 
lienomenon  w<nild  be  explained,  in  so  far  as  the  ex- 
of  A  phenomenon  is  nothing  more  than  the  point-* 
llie  general  fact  or  law   under  which  it  is  compre- 
i\ ;  and  this  theory  would  answer  every  practical  pur- 
bcc:auj«  we  should  confidently  foresee  what  conse- 

E'^    o»  would  result  fmia  such  and  such  prenwea^ 
uild  fail  even  in  this,  we  should  still 
.11.  2d 
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experiments  so  cani(kreliensWe,  that  we  could  leU  n 
place  in  the  seriea  would  correspond  to  any  particalv 
which  mighl  be  proposed. 

There  arc  two  geQllemen,  wbose^iaiiours  i  ^^ 

deserve   very  particular  notice,  proTcs&or    > 
Turin,  and  AbU-  Bossut  at  Park.     The  fim  madeapi»- 
digious  number  of  expcrimcnls  both  on  the  motian  of  ^Bt 
through  pi|>e3  and  in  open  canals.     They  were  jmrScgmm 
at  the  expense  of  the  sovereign,  and  no  expense  wxi  if* 
ed.     A  tower  was  built  of  the  finest  nwisoiiry,  to  xnta 
a  vessel  from  which  the  water  was  to  i'^- 
of  various  sizes,    under  pressures  from  /> 
water  was  received  into  basins  constructed  of  maMmrrfli 
nicety  lined  with  stucco,  from  whence  it  waa  oonvcrfil  • 
canals  of  brick-work  lined  with  stucco,  andof  vari"   ■  '■"'* 
and  declivities.     Tlic  experiments  on  the  exp*^'nt»<. 
through  pipes  are  of  alt  that  have  yet  been  made  the 
numerous  and  exact,  and  may  be  appcalci!  to  oo 
occasion.    Ttiose  mude  in  opeu  cAWih  ai'e  atill  aturt  n\ 
roua,  and  are  no  doubt  equally  accurate;  but  Uicv  Kitrj 
not  been  so  contrived  as  to  be  so  generally  ti-  .7' 

general  very  unlike  the  important  cases  whic^  f 

practice,  and  they  seem  to  liave  been  contrivt- 
the  view  of  establishing  or  overturning  ocrtain  poiflb 
hydraulic  doctrine  wliich   were  probably  prevalent  ai 
time  among  the  practical  hydraulist^. 

The  experiments  of  Bossut  are  aldo  of  bodi  kinds ; 
though  on  a  much  smaller  scale  than  tliose  of  Midi 
seem  to  deserve  equal  confidence.     As  far  ai  lliey 
the  same  track,  they  perfectly  Ci)incidc  in  their 
which  should  procure  confidence  in  the  other;  ood 
are  made  in  situations  much   more  analogous  to  the 
practical  cases.    This  makes  them  doubly    ;•>••'•'■ 
arc  to  be   found  in   his   two  volumes  •. 
namiqiu.    He  has  opened  this  path  of  procedure  in  a 
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80  jiidictouft,  that  he  has  in  some  measure 
neril  of  such  as  shall  follow  him  in  the  same  path. 
his  had  been  most  candidly  and  liberally  allowi*d  liim 
^clievalier  de  Buat,  \^ho  has  taken  up  this  matter 
^Uie  Abbe  Bossut  left  it,  and  has  prosecuted  his  ex- 
Hts  «'ith  pT^at  assiduity;  and  we  muse  now  add 
ittigular  success.  By  a  very  judiciouH  consideration 
llgubjoct,  he  hit  on  a  particular  view-  of  it,  which  sav- 
B  the  trouble  of  a  minute  consideration  of  the  small 
nal  motions,  and  enabled  hrm  to  proceed  from  a  very 
ml  and  evident  proposition,  which  may  he  received  as 
ley  to  a  Complete  system  of  practical  hydrnuhcs.  We 
ibilow  this  ingenious  author  in  what  we  have  farther 
m  the  subject ;  and  we  doubt  not  but  that  our 
rill  think  we  do  a  service  to  the  public  by  making 
mssions  of  the  chevalier  de  Buat  more  generally 
this  country.  It  must  not  however  be  expected 
shall  give  more  tlian  a  sj-noptical  view  of  them, 
by  such  familiar  reasoning  as  shall  be  either 
ireiieuded  or  confided  in  by  persons  not  deeply  versed 

Ecid  science. 


Sect.  1. — Theory  of  Rivera. 
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m  that  the  motion  of  open  streams  must 
:t8,  resemble  that  of  Ixxlies  sliding  down  in- 
\  planes  perfectly  jwlished ;  and  that  they  would  ac- 
■  continually,  were  they  not  obstructed  :  but  they 
Hmicted,  and  frequently  move  uniformly.  This  can 
gnse  from  an  equilibrium  between  the  forces  which 

»  their  descent  and  those  which  oppose  it.     M. 
relbre,  a<*sumes  the  leading  proposition,  that 
watrrjiows  imifrtrm/t/  on  arty  chanfiel  or  bed,  the 
gating  farre  which  o()Hgea  it  to  move  ia 
the  resisfnncra  vhich  it  meets 
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ariatng  from  its  own  viscidAtyy  orfritm  Uie  ffictkm  ofii$ 
bed. 

Tliia  law  is  as  old  as  the  formation  of  rivers,  oud  sbooU 
be  the  key  of  hydraulic  science.  Its  c\*idcnci?  is  clear ;  ani 
it  is,  at  any  rale,  the  basis  of  aJl  iinifomi  motlao.  And 
Mnce  it  if  so,  thejre  must  be  some  oonuderable  atialogy  h& 
tween  the  motion  ui  pipes  and  in  open  eJiannels.  Boch  <iw 
their  origin  to  an  inequality  of  pressure  ;  both  would  *> 
oelerale  continually,  if  nothing  liindered  ;  and  botli  m  !•* 
duccd  to  uniformity  by  the  visddity  of  tlie  fluid  and  iV 
friction  of  the  channel. 

It  will  therefore  be  convenient  to  examine  the  phcBO* 
mena  of  water  moving  in  pipes  by  the  aetiou  of  itB  wa|^ 
only  along  the  sloping  channel.  But  previous  to  thu,  «> 
must  take  some  notice  of  the  obstruction  to  tlic  enirf  of 
water  into  a  channel  of  any  kind,  arising  from  tije  dclJrt^ 
lion  of  the  many  different  filaments  which  prc^a  into  tlv 
channel  from  the  reservoir  from  every  side.     T'  luJI 

be  able  to  separate  this  diminution  of  motion  ii-...  l.  .  J'lflJ 
total  that  is  observed^  and  ascertain  what  part  Femwns*^ 
produced  by  the  subsequent  obstructions. 

We  then  sliall  consider  the  principle  of  uniform  motion, 
the  equilibrium  between  the  |K>wer  and  llic  rcsbUncr 
The  power  is  tlie  relative  height  of  the  column  of  fluid 
which  tends  to  move  along  the  inclined  plane  of  its  bed: 
the  resistance  is  the  friction  of  tlie  bed,  the  viscidity  of  llie 
fluid,  and  its  adhesion  to  the  sides.  Here  are  neoessnily 
combined  a  number  of  circumstances  whicli  miux  be  gra- 
dually detached  that  we  may  see  the  effect  of  each,  vi«,  the 
extent  of  the  bed,  its  perimeter,  and  its  slope.  By  co- 
mining  the  effects  produced  by  variations  of  tneU  of  tbiM 
separately,  we  discover  what  bhare  each  has  in  the  gvixiv 
effect;  and  having  thus  analysed  the  complr  ;'  '  -^m^ 
menon,  we  shall  Ix'  able  to  combine  those  its  t ,  .  -^nd 

frame  a  formula  which  shall  comprehend  cvciy  arcuo^ 
stance,  from  the  greatest  velocity  to  the  exlinctioD  of  iU 
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and  from  the  extcni  of  a  river  to  the  narrow  di- 

is  of  a  quilL     "We  shall  compare  this  formula  with 

of  cxperimentifi  in  all  this  variety  of  circumsluiices, 

lade  by  M.  Buat,  and  partly  collected  from  oilier 

i;  and  we  shall  leave  the  reader  to  judge  of  the 

It. 

lent  that  this  agreement  will  be  found  most  satis- 

',  we  ahall  then  proceed  to  consider  very  cursorily 

if  varieties  which  nature  or  art  may  introduce  into 

the  diiferent  velocities  of  the  same  stream,   the 

the  resistance  produced  by  the  inertia  of  the 

of  the  cliannel,   and  the  force  of  the  current  by 

continually  acts  on  tliis  channel,  tending  to  change 

dimensions  or  its  form.     We  shall  endeavour  to 

origin  of  these  great  rivers  which  spread  like  the 

of  a  vigorous  tree,  and  occupy  tlie  surface  even 

continent.     We  shall  follow  them  in  their  course, 

their  windings,  study  their  train,  and  regimenj 

cut  the  law  of  its  stabihtv  ;  and  we  shall  investU' 

causes  of  their  deviations  and  wanderin£«^. 

study  of  these  natural   laws  pleases  tlie  uitnd:  but 

a  still  greater  purpose;  it  enables  us  to  assist 

fand  to  hasten  her  ojwrations,  which  our  wants  and 

ttjence  often  find  too  slow.     It  enables  us  to  com- 

clcments,  and  to  force  tliem  to  administer  to  our 

id  our  pleasures. 

tail  therefore,  in  the  next  place,  apply  the  know- 
>hidi  we  may  acquire  to  the  solution  of  the  MK>st 
It  hydraulic  questions  which  occur  in  the  practice 
vil  engineer. 

i&ll  consider  the  effects  produced  by  a  permanent 
to  any  river  or  sirenni  by  the  imion  of  another, 
opposite  effect  j)roduoed  by  any  draught  or  offset. 
:ihc  elevation  or  depression  prtxluced  up  the  stream, 
change  im.-iHi-  in  iho  <K'nih  jukI  vvhK'iiv  below  the 
or  ofT'^ci 
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We  shaJi  pay  a  similar  attcniiou  to  the  teaipormry  »v<Di 
produced  by  freshes. 

We  shall  ascertAin  the  effecU  of  straighteniog  the  coum 
of  a  stream,  which,  by  increa^ng  its  slope,  must  kacma 
its  velocity,  and  therefore  &ink  the  waitTs  abovo  xho  pbGt 
where  the  curvature  was  removed,  and  diiuialab  the  ie^ 
dency  to  overflow,  while  the  same  immediate  conseqiiciitt 
must  expose  die  places  farther  down  to  the  ri&k  of  fioodi 
from  which  they  would  otlierwlse  have  been  free- 

The  efiects  of  dams  or  weirs,  and  of  bars,  must  ckcn  be 
considered ;  the  gorge  or  swell  which  they  produce  up  dw 
stream  must  be  determined  for  every  «^  '  frontbt 

weir  or  bar.  This  will  furnish  us  with  ru._  ij  rendonif 
navigable  or  floatable  such  waters  as  liave  too  Kittle  depth 
or  too  great  slo[K.  And  it  will  appear  that  immeose  ad^ 
vantages  may  be  thus  derived,  with  a  moderate  expensti 
even  from  trilling  brooks,  if  we  will  relinquisli  all  |irgu- 
dices,  and  not  imagine  that  such  conveyance  is  itopooiUe, 
because  it  cannot  be  carried  on  by  such  boalM  and  aiO 
craft  as  we  have  been  accustomed  to  look  at. 

The  efiects  of  canals  of  derivation,  the  rules  or  luaxisu 
of  draining,  and  the  general  maxims  of  embai]kment,coin« 
in  the  next  place;  and  our  discvi^ions  will  *.  '  '  ,uth 
remarks  on  the  most  pro{)er  forms  for  the  etu^^  .:iali» 

locksy  docks,  harbours,  and  mouths  of  rivers,  the  haA 
shape  for  tlie  starlings  of  bridges  and  of  boats  for  taliod 
navigations,  and  such  like  subordinate  but  interesting  p•^ 
ticulars,  which  will  be  suggested  by  the  general  ifiread  of 
discussion. 

It  is  considered  as  physically  demonstrated,  tliat  vtur 
issuing  from  a  small  orilice  in  the  bottom  ur  suie  Mf  a  rrtj 
large  vessel,  almost  instantly  acquiree  and  maintaiwlll* 
velocity  which  a  heavy  body  would  acquire  by  ^liil^trt 
the  orifice  from  the  horizontal  surface  of  the  stagnan'  "-'" 
This  wc  shall  call  its  Natural  Velocitv,  Thcwfii 
multiply  the  area  of  tlie  orifice  by  this  velocity)  till?  piodoA 
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will  Ihs  the  bulk  or  quantity  of  the  water  which  is  discharg- 
ed. Thb  we  may  call  die  Natitral  Expeksk  of  wattf> 
or  the  Natukal  Discharge. 

Let  O  represent  the  area  or  section  of  the  orifice  express- 
ed in  some  known  measure,  and  h  iu  deptli  under  the  sur- 
face. Let  g  express  the  velocity  acquired  by  a  heavy  body 
during  a  second  by  falling.  Let  V  be  tlic  medium  velo- 
city of  the  water''s  motion,  <J  the  quantity  of  water  dis- 
dkarged  during  a  second,  and  N  the  natural  ex|)entie. 

We  know  that  V  is  c(]ual  to  ^^g  x  v*  A.     Therefore 

If  thcfe  dimensions  be  all  taken  in  English  feet,  we  have 
have  v^^^  very  nearly  equal  to  8;  and  therefore  V  = 
S^/h^aad  N  =  0.  8^A. 

Hut  in  our  present  business  it  is  much  more  convenient 
to  measure  every  thing  by  inches.  Therefore  since  a  body 
acquires  the  velocity  of  3^  feet  S  inches  in  a  second,  we 
have  2  g  =  64  feet  4  inches,  or  772  inches,  and  \^  2g  = 
27,78  inches,  nearly  27J  inches. 

Therefore  V  =  \^lVt^  A,  =  27,78  •  A,  and  N  =  O. 
•  TTSv'A,  =0.27,78v/A. 

But  it  is  also  well  known,  that  if  we  were  to  calculate 
tlie  expense  or  discharge  for  every  orifice  by  Uiis  simple 
riUe,  we  should  in  every  instance  find  it  much  greater  than 

lire  really  gives  us. 

When  water  issues  through  a  hole  in  a  thin  plate,  tJie 
lateral  columns,  pressing  Into  Uie  hole  from  all  sides,  cause 
the  issuing  filaments  to  converge  to  the  axis  of  the  jet,  and 
oootract  its  dimensions  at  a  little  distance  from  the  hole. 
And  it  is  in  tl)is  place  of  greatest  contraction  that  the 
water  acqiures  that  velocity  which  we  observe  in  our  expe- 
livnents,  and  which  >ve  assume  as  e<{ual  to  that  acquired  by 
(idling  from  the  surface.  Therefore,  that  our  computed 
discharge  may  best  agree  with  observation,  it  must  be  cal- 
culated oii  the  ftup^>o&ition  that  die  onfice  is  diminished  to 
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the-  »ize  of  ihis  smallest  section.  But  the  contractian  n 
subject  to  variations,  and  ll»c  dimensions  of  this  smallest 
section  are  at  all  times  difficult  to  ascertain  wilJi  precbsioii. 
It  is  therefore  mucli  more  convenient  to  o(jm|nitc  from  tbe 
real  dimensions  of  tlie  orifice,  and  to  correct  this  oomputRi 
discharge,  by  means  of  an  actual  compaiisou  of  the  ooib* 
puted  and  effective  discharges  in  a  series  of  expirriaunts 
made  in  situations  resembling  tliose  cases  wiiich  raoit  fre- 
quently occur  in  practice.  This  correction  or  its  catOTiin 
the  mechanism  of  those  internal  motions,  is  generally  cdkd 
Contraction  by  the  writers  on  hydraulics;  and  it  ia  not 
confined  to  a  bole  in  a  thin  plate:  it  happens  in  sotnc  dts. 
gree  in  all  cases  where  fluids  are  made  to  p&sii  ihroo^ 
narrow  places.  It  happens  in  the  entry  into  all  pipes 
canals,  and  sluices ;  nay  even  in  the  passage  of  water  orw 
the  edge  of  a  board,  such  as  is  usually  set  up  on  the  b«d 
of  a  dam  or  weir,  and  even  when  this  is  immersed  in  wittf 
on  both  sides,  as  in  a  bar  or  keep,  frequently  employed  f* 
raising  the  waters  of  the  level  streams  in  Flanders,  in  or- 
der to  render  them  navigable.  We  mentioned  an  obeerv*- 
tion*  of  M.  Buat  to  this  effect,  when  he  raw  a  gixMcbenj 
rise  up  from  the  bottom  of  the  canal  along  the  foce  of  ihe 
bar,  and  then  rapidly  fly  over  it«  top.  We  have  attempt- 
ed to  represent  this  motion  of  the  filaments  in  these  diiTer- 
cnt  situations. 

Fig.  6.  A  shows  llie  motion  through  a  thai  plate.  ^H 
B  shows  the  motion  when  a  tube  of  about  two  diamet^l 
long  is  added,  and  when  the  water  flows  with  a  full  mouth. 
This  does  not  always  happen  in  so  short  a  pipe  (and  never 
in  one  that  is  shorter),  but  the  water  frequently  d<Jiacha 
itself  from  the  sides  of  the  pipe,  and  flows  with  n  cortrtet- 
ed  jet. 

C  shows  the  motion  when  the  pipe  projects  utui  tue  m* 
side  of  the  vessel.  In  tliis  rjisc  it  i^  dtfllnih  Ni  nuikc  il 
flow  full. 


'  Sec  Ri-sisuiucc  of  FluIiU. 
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D  represents  a  mouth-piece  fitted  to  the  hole,  and  form- 
Bgreeably  to  that  shape  which  a  jet  would  assume  of  it- 
self. Id  this  case  all  contraction  is  avoided,  because  the 
mouth  nf  this  pipe  may  be  considered  as  the  real  orifice, 
and  nothing  now  diminishes  the  discharge  but  a  trifling 
ion  of  the  sides, 
E  shows  the  motion  of  water  over  a  dam  or  weir,  where 
le  fall  18  free  or  unobstructed;  the  surface  of  die  lower 
Iream  l)eing  lower  Uian  ihe  edge  or  sole  of  the  waste- 
boaurd. 

F  IS  a  similar  representation  of  the  motion  of  water  over 
what  we  would  call  a  bar  or  keep. 

It  waft  one  great  aim  o^  the  experiments  of  Michdotti 
and  fiossut  to  determine  the  effects  of  contraction  in  these 
cases.  Michellotti,  after  carefully  observing  the  form  and 
dimensions  of  the  natural  jet,  made  various  mouth-pieces 
resembling  it,  till  he  obtained  one  which  produced  the 
smallest  diminution  of  the  computed  discharge,  or  till 
the  discharge  computed  for  die  area  of  its  smaller  end  ap- 
proached the  nearest  to  the  efTective  discharge.  And  he 
Last  obtained  one  which  gave  a  discliargc  of  one  9A5, 
len  ilie  natural  discliarge  would  have  been  lOOO.  This 
iecc  was  formed  by  the  revolution  of  a  trochoid  round 
the  axis  of  the  jet,  and  the  dimensions  were  as  follow : 


Diameter  of  the  outer  orifice  =  3G 
— — -^^  iimer  orifice  =  46 
Length  of  the  axis  =  iiQ 

The  results  of  ilie  experiments  of  the  Abb<»  Rossut  and 
of  Michelotti  scarcely  difter,  and  ihey  arc  expressed  in  the 
following  tabic : 
N  or  the  natural  expense 
Q  for  the  thiu  plate,  Fig.  5.  \ 
A.  almost  at  the  surface  ) 
Q  for  ditto  at  the  depth  of  S  feet 
Q  for  ditto  at  the  depth  of  16  feet 


10,000  =  0.27,78  v' A 

6526       0.18,13  •  A 


C195 
6173 


0.17,21  v'  /* 
0.17,16  v^/* 
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SI  25        0!^>,47y^4 


GHU      01ft,9»V* 


5137 

9931 
9536 

VIM 


0,1  V"^'  v^^ 


Q  for  a  tube  two  diameters  long,  ^ 

Pig.  6.  B.  i 

for  ditto  projecting  inwards    1 

and  flowing  full  i 

^  for  ditto  with  a  ooQtracted       ) 

jet.  Fig.  5.  C.  i 

Q  for  the  mouth-piece.  Fig.  5.  D. 
Q  for  a  weir,  Fig.  S.  E. 
Q  for  a  bar,  Fig.  5.  F. 

The  numbers  in  the  last  column  of  this  little  table 
the  cubical  indies  of  water  discharged  in  a  second 
the  height  h  is  one  inch. 

H  must  be  observed  that  the  discharges  anagned  hn 
for  the  weir  and  bar  relate  only  to  the  cuntractinvts  iKtt*^ 
sioned  by  the  passage  over  the  edge  of  the  board.  Tht 
weir  may  also  suffer  a  diminutiou  by  the  contracttoiu  41 
its  two  ends,  if  it  should  be  narrower  thaji  Uie  ilnfl^ 
is  generally  the  case,  because  tlte  two  ends  are  oomaunlf 
of  square  masonry  or  wood-work.  The  contractioa  thos 
is  nearly  tlie  same  with  tliat  at  tlie  edge  of  a  liiin  pklfe 
But  this  could  not  be  introduced  into  tliis  table,  becatueiu 
effect  on  the  expense  is  the  same  in  (|uaality  whatever  h 
the  length  of  the  waste-board  of  the  weir. 

In  like  manner,  the  diminution  of  discharge  through  a 
sluice  could  not  be  expressed  here.  When  a  duioe  M 
drawn  up,  but  its  lower  edge  still  remains  under  water,  the 
discharge  is  contracted  both  above  and  at  Uie  sides,  and  the 
diminution  of  discharge  by  each  is  in  proportion  to  its  ex- 
tent. It  is  not  easy  to  reduce  cither  of  these  ooatradioni 
to  computation,  but  they  may  be  very  eaaly  obacrrod. 
We  frequently  can  observe  the  water,  at  coming  out  of  < 
sluice  into  a  mill-course,  quit  the  edge  of  the  aperture,  aad 
show  a  part  of  the  bottom  quite  dry.  This  is  always  die 
case  when  the  velocity  of  ci&ux  is  considerable.  Whefl  H 
is  very  moderate,  this  place  is  occupied  by  on  atldy  w 
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aliumt  btugnant-     When  llic  l»eaJ  of  water  is  8  or 
10  inches,  and  runs  off  frcclVi  the  space  \vi\  between  it  and 
e  sides  is  about  1^  indiea.   If  the  sides  of  the  entry  have 
slope,  this  void  space  can  never  appear ;  but  there  ia  al- 
ways this  tendency  to  convergence^  wliich  diininisliea  the 
<]uanlity  of  the  discliargc. 

It  will  frequently  abridge  computation  very  inucli  to 
ooottder  the  vt'ater  discharged  in  these  different  situations 
^^^  moving  with  a  common  velocity,  M'liich  wc  conceive  as 
^Broduced  not  by  a  fall  from  the  surface  of  the  fluid  (winch 
^Hi  exact  only  when  the  expense  is  equal  to  the  natural  ex- 
^bense,)  but  by  a  fall  A  accommodated  to  the  discharge :  or 
^Ht  h  convenient  to  know  the  height  which  would  produce 
tJiat  very  velocity  which  the  water  issues  with  in  these 
^Mitualions. 

^W   And  also  when  tlie  water  is  observed  to  be  actually 
'      moving  with  a  velocity  V,  and  we  know  whtiher  it  is  com* 
I      ing  through  a  thin  plate,  through  a  tube,  over  a  dam,  &c. 
it  is  necessary  to  know  the  pressure  or  iieao  of  watke  h 
which  ho*  actually  produced  this  velocity.     It  is  conve- 
nient therefore  to  have  tlie  following  numbers  in  readiness: 

IV- 
h  for  the  natural  expense  =  -«^ 
h  for  a  thin  plate 
It, 
itv 


h  for  a  tube  2  diam.  long 


A  for  a  dam  or  weir    - 


h  for  a  bar 


V- 
505 

V- 

Y!_ 

74fi 


It  was  necessary  to  premise  these  facts  in  hydraulics, 
we  may  be  able  in  every  cose  to  distinguish  l)etween 
the  force  expended  in  the  entry  of  the  water  into  tjie  con- 
duit or  caual,  and  the  force  employed  in  overcoming  the 
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resistance  along  the  canal,  and  in  preserving  or  acodi 
its  motion  in  it. 

The  motion  of  running  water  is  produced  bj  tl 
caiiseB;  1.  The  action  of  gravity ;  and,  2.  The  mobilitj 
ihe  particles,  wliich  makes  them  assunic  a  level  in 
vessels,  or  determuies  them  to  move  to  that  side 
there  is  a  defect  of  pressure.  When  the  surface  is  levdli 
every  particle  is  at  rest,  beinj^  equally  pressed  in  all 
tions ;  but  if  the  surface  is  not  level,  not  only  does  a 
tide  on  the  very  surface  tend  by  its  own  weight  lowi 
the  lower  side»  as  a  body  would  slide  along  an  indisoi 
plane,  but  there  is  a  force,  external  to  itself,  arisiDg  bom 
a  superiority  of  pressure  on  the  upper  end  of  ihc  sut^cc, 
which  pushes  this  superficial  particle  towards  the  \amtt 
end ;  and  this  is  not  peculiar  to  tlie  superficial  p«nickt, 
but  affects  every  particle  within  the  mass  of  i»*atcr.  In 
llie  vessel  ACDE  (Fig.  6.),  containing  water  with  aa  a 
dined  surface  AE,  if  we  suppose  idl  frozen  but  the 
treme  columns  AKHB,  FGLE,  and  a  connecting 
HKCDLG,  it  is  evident,  from  hydro8tatica|  taws, 
the  water  on  this  connecting  jiart  will  bo  pushed  in  the 
rection  CD ;  and  if  the  frozen  mass  BHGF  were 
able,  it  would  also  be  pushed  along.  Giving  It  fluu 
will  make  no  change  in  tJiis  respect ;  and  it  is  indiflV 
what  is  the  situation  and  shape  of  the  connecting  coli 
or  columns.  The  propelling  force  (MNF  being  hoj 
tal)  is  the  weight  of  column  AMNll,  The  same  chi 
will  obtain  wherever  we  select  the  vertical  columns.  TJ 
will  always  be  a  force  tending  to  push  every  partid 
water  in  the  direction  of  the  declivity.  The  c»>n»<'<jucoi 
will  be,  tJiat  the  water  will  sink  at  one  end  and  nsc  at 
other,  and  its  surface  will  rest  in  the  horiz^jotol  \i 
aOfj  culling  the  former  in  its  middle  <'  canmnj 

unless  there  be  not  only  a  motion  of  jk 
and  ascent  of  the  vertical  cokuiuis,  bta 
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tnnalation  from  E  towarcia  L.  It  perhups  exceeds  our 
xnalhematicol  skilJ  to  tell  what  will  be  the  motion  of  each 
'tide.  Newton  did  not  nttcmpt  it  iu  his  investigation  of 
motion  of  waves,  nor  is  it  at  all  necessary  here.  We 
ly,  however,  acquire  a  very  distinct  notion  of  its  general 
^C.  Let  OPQ  he  a  vertical  plane  passing  tlirough  the 
point  O.  It  is  evident  that  every  particle  in  PQ, 
P,  is  pressed  in  the  direction  QD^  with  a  force 
to  the  weight  of  a  single  row  of  particles,  wboae 
la  the  difference  between  the  columns  Dli  and  FG. 
fbrce  acting  on  tlic  particle  Q  is,  in  like  manner^  the 
jight  of  a  row  of  particles  ^AC— ED.  Now  if  0Q> 
}Af  0£,  l>e  divided  in  the  same  ratio,  so  that  all  the  fi- 
ineft  xVCDE,  BIIGF,  &c.  may  be  similar,  we  see  that 
force  arising  solely  from  the  declivity,  and  acting  on 
fi  |)article  on  the  plane  OQ,  is  proportional  to  its  depth 
undur  the  surface,  and  that  Uic  row  uf  fmrliclen  ACQUE, 
iHPGF,  &C.  whicli  is  to  bo  moved  by  it,  is  hi  the  same 
trtion.  Hence  it  un({ue3donably  follows,  that  the  ac- 
lerating  force  on  each  particle  of  the  row  is  the  same  ia 
Therefore  tlie  whole  plane  OQ  tends  to  advance  for- 
togcthcr  with  die  same  velocity  ;  and  in  the  instant 
icdiatcly  succeeding,  all  these  parUcles  would  be  found 
in  in  a  vertical  plane  hidefmitily  near  to  OQ ;  and  it 
re  sum  up  tlie  forces,  we  shall  find  them  the  same  as  if 
OQ  were  the  opening  of  a  sluice,  having  the  water  on  the 
of  D  standing  level  with  O,  and  the  water  on  the 
her  side  standing  at  tlie  height  AC.  This  result  is  ex- 
leJy  diflerent  from  that  of  the  hasty  theory  of  GuglieU 
Hc  considers  each  particle  in  OQ  as  urged  by  an 
ibcceleraling  force  proportional  to  its  depth,  it  is  true  ;  but 
makes  ii  equal  to  tlie  weight  of  the  row  OP,  and  never 
lleci&  that  the  greatciit  port  of  it  is  balanced  by  on  op- 
iXe  pressure,  nor  perceives  that  the  force  which  is  not 
d  must  be  disirihuted  amoii^^^Hi^LiiC.iMu^cles 
ri  varies  in  the  same  protHMU^^^^^^^^    ivn^^n 
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these  Iwro  circumstances  are  neglected,  the  result  musib^ 
incompatihie  vnlh  observation.     Wlien  tbe  bahnoed  fe 
are  tnken  into  tbe  account  of  pre&sture,  it  m  ev^deot 
tlie  surface  may  be  supposed  hon/onlal,  and  Ouil 
should  obtain  in  this  case  as  well  as  in  the  case  Cif  m  *lopbig 
surface:  and  indeed  this  h  Gugliehnini's  professed  ibeary, 
and  what  he  highly  valuer  himself  on.     H^        '      i.-c«ehi8 
^»co very  of  a  ne«r  principle,  which  he  cait: 
deep  wntorsy  as  an  important  addition  to  bydrsulks. 
u  owing  to  this,  says  he,  that  the  great  rivers  aie  not 
nant  ai  their  mouths,  where  they  have  no  percc 
ciivity  of  surface,  but,  on  the  contrary,  have 
gy  and  velocity  than  farther  up,  where  they  are  Altallo 
This  principle  is  the  basis  of  his  improved  theory  of  rivewf 
and  IS  insisted  on  at  great  length  by  all  the  subtcquenc 
writers.     Buffbn,  in  his  ilicory  of  the  earth,  makes  mudb 
use  ci  it.     Wc  cannot  but  wonder  that  it  has  been  allowed 
a  place  in  tlic  theory  of  rivers  given  in  the  great  Uneyth 
pidif  of  Pari.«,  and  in  an  article  hiiving  the  signature  (O) 
of  D'Alcmbert.     We  have  been  very  anxious  to  show  ihe 
falsity  of  this  principle,  because  wc  consider  h  as  a  Q)^^| 
subterfuge  of  Guglielmini,  by  which  he  was  able  to  paifli^^ 
up  the  mathematical  theory  which  he  had  so  hastily  talna 
ftom  Newton  or  Galileo  ;  and  we  think  tliat  we  have  secdr^ 
ed  our  readers  from  bang  misled  by  it,  when  wo  show  iJiat 
this  energy  must  be  equally  operative  when  tlic  surface  is 
on  a  dead  level.     The  absurdity  of  this  is  evident.     We 
shall  Bee  by  and  by,  that  deep  waters,  when  in  acttxal  mtv 
Ijon,   have  an  energy  not  to  be  found  in  shallow  runn 
waters,  by  which  they  are  enabled   to  continue  thai  r 
tioQ:    but  this  is  not  a  moving  jninciple;  and  it  will  be 
fuHy  explained,  as  an  immediate  result  oi'  jirinciplne,  not 
vaguely  conceived  and  indistinctly  cxpres^rrf    i^t-  this 
Guglielmini,  but  easily  understood,  and  a['; 
the  greatest  precision.    It  is  an  energy  common  to  aU  great 
bodies.     Although  they  low  as  much  momentum  id 
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mounting  any  obstacle  as  nnal)  ones,  they  lose  but  a  smatt- 
portion  of  their  velocity.  At  present,  employed  only  in 
considering  the  progressive  motion  of  an  open  stream, 
whose  surface  is  not  level,  it  is  quite  enough  that  we  sec 
tliat  such  a  motion  must  obtain,  and  that  we  sec  that  there 
arc  |iropclling  forces ;  and  that  those  forces  arise  9oU.iy  from 
the  want  of  a  level  surfnce,  or  from  the  sloj^  of  the  sur- 
and  that,  widi  resix^ct  to  any  one  particle,  the  force 
ng  on  it  is  proportional  to  the  tlifference  of  a  level  be- 
tween each  of  the  two  columns  (one  on  each  side  of  the 
tide)  which  prcxiucc  it.  Were  the  stirfoce  leveJ,  there 
be  no  uiotinn  ;  if  it  is  not  level,  there  will  Ix?  motion  ; 
s  motion  will  proportional  to  the  want  of  level  or 
eclivity  of  the  surface  :  it  is  of  no  consequence  whe- 
tlicr  tJie  bottom  be  level  or  not,  or  what  is  its  shape. 

Hciicc  we  draw  a  fuudamcntal  principle,  that  tJie  motion 
«lf  rivers  (Upends  entirely  on  t/ie  &hpc  of  the  surface. 

The  SLOPE  or  declivity  of  any  inclined  plane  is  not  pro- 
perly expressed  by  the  difference  of  height  alone  of  its  ex- 
tremities ;  we  must  al»o  consider  its  length  :  and  the  mea- 
sure of  the  slope  must  be  such  that  it  may  be  the  same 
ile  the  declivity  is  the  same.  It  roust  therefore  be  the 
e  over  the  whole  of  any  one  inclined  plane.  We  shall 
answer  these  conditions  exactly,  if  we  take  for  the  measure 
of  a  slope  the  fraction  which  expresses  the  elevation  of  one 
extremity  above  the  other  divided  by  tlic  length  of  the 

plane.     Thus  -r^  will  express  the  declivity  of  the  plane 

AF. 

If  tiie  water  met  with  do  resistance  from  the  bed  in 

it  rima,  if  it  bod  no  adheeiion  to  its  sides  and  bot- 

and  if  its  fluidity  were  perfect,   its  gravity  would  ac- 

erate  its  course  continually,  and  the  earth  imd  its  inha- 

ts  would  be  deprived  of  all   the  advantages   which 

derive  from  it«  numberless  streams.     They  would 

off  so  quickly,  that  our  fields  dried  up  as  soon  as  Wa-^ 
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tered,  would  be  barren  and  useles.  No  sail  cxmkl 
the  impetuosity  of  ihc  torrent*;  and  their  ■cceleraURg 
force  would  render  llioni  a  deatroymg  aoourgr,  wen  it  art 
that,  by  kind  Providence,  tlie  resistance  of  the  bed, 
the  viscidity  of  the  fluid,  beoonoe  a  check  which 
tliem  in  and  sets  l)ound8  to  their  rapidity.  In  this  mi 
the  friction  on  the  sides,  which,  by  the  viscidity  of  the 
ter,  is  communicated  tu  tlic  whole  tDa«e,  and  the  vcrr  a^ 
hesion  of  the  particles  to  each  other,  and  to  the  sides  of  ifae 
cliaimel,  are  the  causes  wliicli  make  the  rrsisfancc*  btsr  A 
relatiun  lo  the  velocity  ;  so  that  the  resistances  atij 
with  the  velocities,  come  nl  la&t  to  balance  the 
force.  Then  the  velocity  now  acquired  is  preserved; 
the  motion  becomes  uniform,  without  being  able  to  acqtflie 
new  increoiie,  unless  some  change  succeeds  either  tnifav 
slope  or  in  the  capacity  of  the  channel.  Hence  ahses  the 
second  maxim  in  the  motion  of  river:),  that  when  a  stream 
moves  uniformly^  the  rcsUtance  is  eqttal  to  the  accti^ra&ng 
Jbru. 

As  in  the  efflux  of  water  tlu*ough  orifices,  we  pa&s  CF?fr 
the  very  beginnings  of  the  accelerated  molion,  wli'  " 
matter  of  speculative  curiosity,  and  consider  the  nnji- 
a  state  of  permanency,  depending  on  the  Iicad  of  watcr« 
area  of  the  orifice,  the  velocity,  and  the  expense ; 
the  theory  of  tlie  uniform  motion  of  rivers,  we 
slope,  the  transverse  section  or  area  of  the  stream,  the 
form  velocity,  and  the  expense.     It  will  be  oonvemi 
affix  precise  meanings  to  the  terms  which  wo  shaU 
ploy. 

The  SECTION  of  a  stream  is  the  area  of  a  plooc 
dicular  to  the  direction  of  the  general  motion* 

The  resistances  arise  ultimately  from   the 
water  on  the  internal  surface  uf  tJie  channel,  atid 
proportional  {cctUHs  paribus)  to  the  extent  of  tl« 
Therefore  if  we  unfold  the  whole  edge  of  this  sc^ 
is  rubbed  as  it  were  by  the  passing  water,  we  lu.^w 
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ire  of  tbe  extent  of  this  action.  In  a  |Npe,  circular 
iticaly  the  whole  circumference  is  acted  on ;  but 

river  or  canal  ACDE  (Fig,  C.)  the  horizontal  line 
k.O£»  whicli  makes  the  upper  boundary  of  tlie  section 
kCDE,  is  free  from  all  action.  The  action  is  confined  to 
tie  three  tines  AC»  CD,  DE.     We  shall  call  this  line 

P£  tile  uoaoKR  of  the  section. 
e  MCAX  VELOCITY  is  that  with  which  the  whole  sec- 
lonif  moving  equally,  would  generate  a  solid  equal  to  tlic 
xpeiise  of  the  stream.     This  velocity  is  to  he  found  per- 

Rbut  in  one  filament  of  the  stream,  and  we  do  not  know 
ijch  filament  it  is  to  I>c  found. 
ice  wc  arc  attempting  to  establish  an  empirical  theory 
e  motion  of  rivers,  founded  entirely  on  experiment 
nd  palpable  deductions  from  them ;  and  since  it  h  ex- 
remely  difficult  to  make  experiments  on  open  streams 
rhlch  shall  have  a  precision  suflicient  fur  such  on  import- 
nt  purjx>8c — it  would  be  a  most  desirable  thing  todemon- 
trate  an  exact  analogy  between  the  mutual  balancing  of 
he  acceleration  and  resistance  m  pipes  and  In  rivers ;  for  tu 
hose  we  can  not  only  make  exjieriments  with  all  the  de- 
JMd  accuracy,  and  admitting  precise  measures,  but  we 
^Hfnake  them  in  a  number  of  cases  that  are  almost  ini- 
kracticablc  in  rivers.  We  can  increase  the  slope  of  o  pipe 
JBB  nothing  to  the  vertical  position,  and  we  can  employ 
m/ff  desired  degree  of  pressure,  so  as  to  ascertain  its  effect 
Ni  the  velocity  in  degrees  which  open  streams  will  not  ad- 
Qit.  The  Chevalier  de  Buat  has  most  happily  succeeded 
a  ihis  demoii*^tration  ;  and  it  is  here  that  his  good  fortune 
end  hifi  penetration  have  done  so  much  service  to  practical 


ft  AB  (Fig.  7.)  be  a  horizontal  tube    ^' 
rater  is  impelled  by  tbe  pressure  or  • 
is  the  moving  power ;  and  it  may  be 
r  two  pai'ls,  pcrft'v  ' 

,-  u.:.ui  is  employed  m  iu4|.iw...  .j.,, 
»L*  It.  9  B 
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velocity  with  wliich  it  (ictually  movea  in  the  lube.  Wen 
there  no  obstrucUons  to  this  motion,  no  greater  hmd  would 
be  wanted ;  but  t]icre  are  obstrurtlntis  ariniiig  from  En& 
tion,  adhesion,  and  viscidity.  This  rc<]uire5  force.  LK 
tliis  be  the  office  of  the  rest  of  tlie  head  of  water  iu  the  !»> 
servoir.  There  is  but  one  allotment,  appropriatk)n»  or  ». 
partition,  of  the  whole  head  which  will  answer.     Suppov 

£  to  be  the  point  of  partition,  so  that  DE  i»  the  head  ae^ 
for  impressing  the  actual  velocity  on  the  water  (» 
or  pressure  which  has  a  relation  to  the  form  or  dr- 
cumatance  of  the  entry,   and  the  contra*'  V    '      Us 

place  there).     The  rest   EA  is  wholly  in  ^  ir- 

coming  the  simultaneous  resistances  which  take  pl«ce  along 
■the  whole  tube  AB,  and  is  in  e(iuiUbrio  with  (his  resits 
:Biice.     Therefore  if  we  apply  at  E  a  tube  EC  of  the  mSM 

ingth  and  diameter  with  AB,  and  having  the  same  dcgnr 
of  polish  or  roughness  ;  and  if  this  tube  be  inclined  in  «udi 
manner  that  the  axis  of  its  extremity  may  coincide  with 

le  axis  of  AB  in  the  point  C — we  affirm  that  the  velodtj 

'ill  be  the  same  in  both  pipes,  and  that  they  will  have  ibe 

same  expense;  for  the  monng  force  in  the  pf 

EC  is  composed  of  the  whole  weight  of  the  cwiuinu  UE 

fand  the  relative  weight  of  the  column  EC  ;  but  thiKreb- 

JVC  weight,  by  which  alnne  it  descends  along  the  indiud 
pipe  EC,  is  precisely  equal  to  the  weight  of  a  Tcrticil 
colunui  EA  of  the  same  diajncter.  Every  thing  tbcrcftn 
is  equal  in  the  two  pipes,  viz.  the  lengths  ^^  dJAsneCO^ 
'the  moving  forces,  and  the  resistances ;  therefore  the  f^ 
Ities  and  discharges  will  also  be  equal. 
This  is  not  only  the  case  on  the  whole,  but  abo  in  cttij 
part  of  it.  The  relative  weight  of  any  part  of  It  EK  ** 
precisely  in  equilibrio  with  the  resistances  along  tfast  pVt 
of  the  pipe;  for  ii  ha*  the  same  proportion  lo  the 'i'fcBfc 
relative  weight  that  the  resistance  has  to  the  whole  react- 
ance. Therefore  {and  this  w  ifie  most  mporiani  ciftii*- 
alance^  and  the  iktsis  qf  the  tthde  Iheory)  the  pipe  EC 
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»  cut  shorter,  or  may  be  lengthened  to  infinity,  witli- 
king  any  change  in  the  velocity  or  expense,  so  lon^ 
propelling  head  D£  remains  the  same, 
ring  the  whole  head  DA  as  it  ic,  if  we  lengthen  the 
rial  pipe  AB  to  G,  it  is  evident  that  we  increase  il>e 
without  any  addition  of  force  to  overcome  it, 
elodty  must  therefore  be  diminished;  and  it  will 

a  velocity  which  is  produced  by  a  smaller  head  than 
herefore  if  we  were  to  put  in  a  pipe  of  equal  length 

rminating  in  the  horizontal  line  AG,  the  water  will 

equally  in  both  pipes.  In  order  that  it  may,  we 
isoover  the  diminished  velocity  with  which  the  water 

tually  runs  along  AG,  and  we  must  make  a  head 
table  of  impressing  this  velocity  at  the  entry  of  the 
tnd  then  insert  at  I  a  pipe  IH  of  the  same  length 
,G.     The  expense  and  velocity  of  both  pipes  will 

the  same.* 


recommend  it  to  the  reader  to  make  this  distribution  or  ol- 
of  the  difierent  portions  of  the  pressure  very  familiar  to  hift 
It  is  of  the  most  exlcBsive  influence  in  every  question  of 
Icfl,  and  will  on  every  occasion  give  him  distinct  conceptions 
bitrmal  procedure.  Obvious  as  the  thought  teems  to  be, 
pcd  the  Attention  of  all  the  writers  on  the  subject.  Leccbi, 
[yc/nxtt/ici,  published  in  1 766,  ascribes  something  like  it  to 
Bernoulli ;  but  Bernoulli,  in  the  passage  quoted,  only  speaks 
partition  of  pressure  in  the  instant  of  opening  an  orifice, 
it,  says  he,  is  employed  in  accelerating  the  quiescent  water, 
ducin^  (he  velocity  of  cfBox,  and  the  remainder  produces  the 
(now  diminished)  on  the  sides  of  the  vessel.  Bernoulli, 
and  all  (be  good  writers,  make  this  distribution  in  express 
tbeir. explanation  of  the  motion  of  water  through  successive 
and  it  is  surprising  that  no  one  before  the  Chevalier  de  Buat 
the  resistance  arising  from  friction  required  a  similar  par- 
rihe  pressure ;  but  though  we  should  call  this  gooil  fortune, 
ascribe  to  his  great  sagacity  and  justness  of  conception  the 
ll  use  that  be  has  made  of  it 
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What  bas  now  been  said  uf  a  boiizontol  pi[K 
have  beea  equally  true  of  any  iucliYied  pipe  AD^  AB 
(Fig.  S.)  Drawing  the  bonxoo4al  line  CB,  ire  sec  dut 
DC  18  tile  whole  head  or  propelling  presanrc  fc«r  eitlur  (%e 
AB  or  A'B ;  and  if  D£  is  the  head  Dccemry  for  tbc 
actual  velocity,  EC  is  tlie  bead  necoftsary  for  baloDcu^tbe 
resistanees;  and  the  pipe  EF  of  the  same  length  yrA 
AB,  and  terminating  in  the  same  hcnizoDtai  line,  will  haw 
the  Kame  velocity;  and  its  inclination  being  thus  daaw 
mined,  it  vtiU  have  the  same  velocity  and  ex|)eu«e  wbatmr 
be  its  length. 

Thus  we  see  tlml  iliu  ukAjuh  m  jiny  pi]J<-s  ( 
alopingf  may  be  referred  to  or  substituted  Wn  ... 
in  another  inclined  pipe,  whoae  bead  oi'  water,  abovt  llkr 
place  of  entry,  is  tliat  productive  of  the  actual  vaioatjB 
the  water  in  the  pipe.  Now,  in  tJiis  cose,  tbc  accc)enilii|f 
force  ia  equal  to  the  resistance  :  we  may  thercftire  cuoHiff 
(his  last  pipe  as  a  nver,  of  which  the  bed  and  the  slope  iir 
uniform  or  constant,  and  the  current  in  a  state  oTpenu* 
neiicy  ;  and  we  now  may  clearly  draw  diis  important  ooa> 
lusion,  tiial  pipes  and  open  streams,  whea  in  a  stair  d 
?rmanency,  perfectly  resemble  each  other  in  thecirauD- 
'fftances  which  are  the  immediate  causes  of  thi»  pcrmannrjr^ 
The  equiUbrium  between  the  accelerating  force  obcabnaui 
tly  in  general,  but  takes  place  through  the  whole  ten^b 
the  pipe  or  stream,  and  is  predicable  of  every  individail 
transverse  section  of  either.  To  make  this  more  palwbh 
evident  if  possible,  let  us  consider  a  sloping  cyl> 
pipe,  the  current  of  wliich  is  in  ^  slate  of  ji 

can  conceive  it  as  consisting  of  two  half  cyl.i.wvi 

and  a  lo^er.     These  arc  running  together  at  ai 
pace;  and  the  filaments  of  each  immediately  bt  : 
the  separating  plane  and  to  each  •' * 
each  othcff  nor  affecting  Qach  oili.       : 
ett  degree.    It-  ia  true  that  the  upper  haif  i»  pru(^ 
the  lower,  but  in  a  direction  porpendimiltr  lo  t 
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ot  afibcting  the  velocity ;  and  wc  sUaU  ace 

preeently^  tlut  aidiuugli  the  lower  aide  of  Uie  pijK  bears 

•ooiewhat  more  pressure  Uian  the  other,  the  resisUoces  xire 

changed.  (Indeed  this  odds  of  pressure  is  accompajiied 

a  difference  of  motion,  whicli  need  not  be  considered 

resent ;  tmd  we  nmy  suppose  the  pipe  so  small  or  ^ 

libclow  the  surface,  that  this  shall  be  insenable).    Now 

^rappose,  that  in  an  Instant  the  upper  half  cylinder  is 

wo  then  have  an  open  stream ;  and  every 

cucumsCance  of  accelerating  force  and  of  resistance  remaiue 

^■idsely  as  it  was.     The  motion  must  therefore  continue 

^K(  did ;  and  in  this  state  the  only  accelerating  force  is 

„.lhe  slope  of  iiie  sur£uM?.     The  deniouiitraliun  therefore  is 

^bplete. 

^^Prom  these  observations  and  reasonings,  we  draw  a  gene- 
unportant  conclusion,  "  That  the  same  pipe  will 
(tible  of  different  velocities,  which  it  will  preserve 
to  any  distance,  according  ns  it  Ims  different  in- 
itions ;  and  each  inclination  of  n  pipe  of  given  diameter 
hts  a  certain  velocity  peculiar  to  it^ctf  which  will  be  main- 
buDcd  uniform  to  any  distance  whatever ;  and  tliia  velocity 
I  increaws  continually,  according  to  some  law,  to  be  di&- 
loovered  by  theory  or  experiment,  as  the  position  of  the 
pipe  dumges,  from  being  horizontal  till  it  becomes  verti- 
^B(  in  which  Y>ositicMi  it  has  tlw  greatest  uniform  velocity 
^kible  relative  tu  its  inchnution,  ur  depending  on  inclisra- 
<licm  alone. 

^t  this  velocity  be  called  the  thaik,  or  tlie  sate  of 
pipe. 

is  evident  that  this  prindple  is  of  the  utmost  consc. 
in  the  theoiy  of  hydraulics;  for  by  expeiiment 
can  find  the  train  of  any  pipe.     It  is  in  train  when  an 
,j  iocnswe  of  length  makes  no  change  in  the  velocity.     If 
^       s  pijK'  increases  the  velocity,  the  slope  of 
K  is  too  f.n  ^^ttMBilk*^'^  having  discover. 

train  iif  a  \>qy        '*^  '  •<^Tty,  and  com- 
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puted  the  head  productiTe  of  this  rclochy  with  the  ontttae- 
tion  at  Uie  entry,  tlie  remainder  of  the  head,  that  ift,  Ik 
slope  (tor  this  is  equivalent  to  £A)»  is  the  meuuro  of  the 
resistance.  Thus  we  obUun  the  measure  of  the  raartav 
to  the  motion  with  a  given  velocity  in  a  pipe  «jf  given  £•- 
meter.  If  we  change  only  the  velocity,  we  get  the  no* 
sure  of  the  new  reastance  relative  to  the  velocity  ;  and  thn 
discover  the  law  of  relation  between  tlie  resistazKie  and  fp- 
locity.  Then,  changing  only  the  diameter  of  the  pipe,  k 
get  the  measure  of  the  resistance  relative  to  the 
This  is  tlie  aim  of  a  prodigious  number  of 
made  and  collected  by  Buat,  and  which  we  ahall  iioii» 
peaty  but  only  give  the  results  of  the  difFereDt  poits  of  Ml 
investigation. 

Wc  may  express  the  elope  of  a  pipe  by  the  symbol  ->  1 

b^ng  an  inch,  for  instance,  and  «  being  the  slant  IcDgthoT 
a  pipfl  which  is  one  inch  more  elevated  at  one  end  than  il 
the  other.  Thus  a  river  which  has  a  dechvitj  of  an  isdi 
and  a  half  in  ISO  fathoms,  or  8640  mcheSy  has  its  slope 

oHTTi*  or  — — -.     But  in  order  to  obtain  the  hrdnudie 
^  ot)40  OToO 

slope  of  a  conduit  pipe,  the  heights  of  the  rewrvoar  and 
place  of  discharge  being  given,  we  must  subtract  froo  tke 
difference  of  elevation  the  height  or  head  of  water  maoBi* 
sary  for  propelling  the  water  into  any  pipe  with  ihp  ve- 
locity  V,  whicli  it  is  supposed  actually  to  have.    Thif 

V 
IS  -TTrr--     The  remainder  d  is  to  be  considered  ts  tin 
oOo 

height  of  tlie  declivity,  which  is  to  be  di:s-thbutcd  ci^uaD)' 
over  the  whole  length  /  of  the  pipe,  and  the  dope  t$  then  t* 

_  I 

~~  a' 

There  ia  another  important  view  to  be  taken  ■ 
which  tile  reader  should  make  very  familiar  t(i  1  r 
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It  expressea  tlie proportion  between  the  weight  of  the  whole 
iiColomn  which  is  in  motion  and  iJje  weight  which  k  eniploy- 
^■a  overcomiug  the  resistance ;  and  tlic  resistance  to  the 
MBtiun  oi'ony  column  of  water  is  equal  to  the  weight  of 

that  column  multiplied  by  the  fraction  -,  whichcxpresscs  its 

skipe. 


Wii  come  now  to  consider  more  particularly  the  resist- 
which  in  this  manner  bring  the  motions  to  a  state  of 
■■ilbrmity.  If  wc  oon*iider  the  reastances  which  arise 
I^BD  a  cause  analogous  to  friction,  we  see  that  they  must 
depend  entirely  on  the  inertia  of  the  water.  What  we 
call  the  resistance  is  the  dimiuuticm  uf  a  motion  whicli 
WOtdd  ha^'e  obtained  but  for  tliese  resistances ;  and  tl»e  beat 
way  wc  have  of  measuring  them  is  by  the  force  wliich  we 
mtist  employ  in  order  to  keep  up  or  restore  this  motioQ, 
■fe  estimate  tliis  motion  by  a  progressive  velocity,  which 
l^mieosure  by  the  expense  of  water  in  a  given  time.  We 
Ijodge  the  velocity  to  diminish,  when  the  quantity  dis- 
diminishes ;  yet  it  may  be  otherwise,  and  pro- 
is  otherwise.  The  absolute  velocity  of  many,  if  not 
the  particles,  may  even  be  increa.sed ;  but  many  of 
>ns,  being  transverse  to  tlie  general  direction,  the 
iljly  of  motion  in  this  direction  may  be  less,  while  the 
of  the  absolute  motions  of  all  the  particles  may  be 
greater.  When  we  increase  the  general  velocity,  it  is  not 
unreasonable  to  suppose  that  the  impulses  on  all  the  in- 
equalities arc  increased  in  this  proportion;  and  the  num- 
ber of  particles  thus  impelling  and  deflected  at  the  same 
itiint  will  increase  in  the  same  proportion.  The  whole 
^■stity  therefore  of  these  useless  and  lost  motions  will 
^^^^Ki^^ic  dupli''^'^''  ratio  nf  tJie  velocities,  and  the 
^^^H^^^  for  ki  ,  the  nagliilpJW jo  alao ; 

^^R^^^tcsiscaoces  should  merest  f  tlic 
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Or  if  wc  coniddcr  the  rcsisCances  ns  ansing* 
the  curvature  of  the  imperceptible  internal  motiotif 
sioned  by  the  inci:]uaiitics  of  the  cides  of  the  ptpr*  M^  m 
leasured  by  the  forces  necessary  for  prodacing  tbrflfr«(Sb 
iiineal  motions ;  thcni  because  tlie  citrrcs  will  be  thi 
Bame  whatever  ore  the  velocities,  the  deflecting  forces  viO 
be  as  the  squares  of  the  velocities  ;  but  these  dc^tdtaig 
forces  are  pressures,  propagated  from  tJie  porta  MriM-«!«r 
pressed  by  the  external  ibrcc,  and  are  proportional  ■ 
external  pressures  by  the  principles  of  hydrootatics.  'I'bm^ 
>Te  the  pressures  or  force*  necessary  for  keeping  op  lie 
tlocities  arc  an  the  squares  of  tlieae  velociiie* ;  and  Om 
are  our  only  measures  of  the  resitstoiice^  which  tmnt  k 
considered  as  following  the  same  ratio.  Wl 
therefore  we  take  of  the  nature  of  these  resisLi;^^^  ,  -.  -. 
led  to  consider  them  as  proportional  to  the  sqitaxv^of  ifar 
pvelocitics. 

We  may  therefore  express  the  resistances  by  tlkc  wo 

V-  . 

bol  — 1  m  b^g  Some  number  to  be  discovered  by  expco- 


m 


iBQcnt.     'XaIUs,  in  a  particular  pipe,   the  dimiuulion  of  tb 
itioa  or  the  renstauce  may  be  1000th  |Hut  uf  the  sqtai* 


the  velocity,  and  R  = 


1000 


Now  if  ^  be  the  accelerating  power  oi'  graviij  on  ip^ 
'particle    -^  will  be  its  accelerating  power,  by  wluct  ll 

Vould  urge  it  down  the  pipe  whose  slope  Is  --    Thertfon; 

by  the  principle  of  uniform  motion,  the  equality  o\ 

celerating  force,  and  the  resistance,  we  shall  h^ive  - 

and  \  >%/  Ji  —  Vvig;  that  is,  the  product  of  the  ^ 
and  the  reciprocal  of  the  square  root  of  the 
quotient  of  the   velocity  divided   by  the  ali>: 
stant  quantity  ^m^  for  any  pvni   pinr  :    .i 
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formuU  for  all  tliu  unLTurni  velocities  of  one  pipt*w 
Wing 

Buat  therefore  examined  this  by  experiment,  but 

I,  that  even  with  respect  to  a  pipe  or  channel,  wliich  was 

»rra  throughout,  this  was  not  true.     We  could  give  at 

the  final  Formula  which  he  found  to  express  the  velo- 

evcry  case  whatever;  but  this  would  be  Uyu  empirical, 
chief  steps  of  his  very  sagacious  investigation  ore  iu- 
ructive.  We  shall  therefore  mention  them  briefly,  at 
as  far  as  they  tend  to  give  us  any  collateral  informa- 

and  let  it  always  be  noted,  that  Um  instruction  which 
convey  is  not  abstract  specuktion,  but  exj>crimental 
IS,  which  must  ever  remain  as  an  addition  to  our  stock 
lowledge,  although  M.  Buat^s  deductions  from  them 
Id  prove  false. 

found,  in  the  first  place,  that  in  the  same  channel 

lact  of  V  and  v  ^   increased  as  v  ^  increased ; 

'is,  the  velocities  increased  faster  thaii  the  bquare  roota 

slope,  or  the  resistances  did  iU)i  ^    -  j    fast  as 

[uares  of  the  velocities.     We  bt;  to  refer  our 

to  what  we  said  on  the  resisU     ^  of  pipes  to  the 

in  of  fluids  through  them  in  the  article  Pneumatics, 

speaking  of  bellows.     They  will  there  sec  very  valid 

»ns  (we  apprehend)   for  Uiinkiiig  that  the  resistances 

more  slowly  thau  the  squares  of  the  veloci* 


being  found,  then,  that  V  V^  is  not  equid  to  a  con- 
quantity  i/m^,  it  becomes  necessary  to  investigate 
quantity  depending  on  \^,  or,  as  it  is  called,  some 

of  VV,  which  shall  render  */ mg  a  ooiistant 

ly.     Lee  X  be  thi^  fuuctiun  of  v^  j  ,  aa  tliat  we  &liall 

haw  VX  cquaJ  totho  o;  xj  */ mg^  c» 
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-=r^  equal  to  the  actual  velocity  V  of  &  ppe  or  cboitncJ 

twhlch  is  in  train. 

M.  Buat,  afler  many  trials  and  reflcctioDa,   the  rV'-*  "' 
hicb  will  be  mentioned  by  and  by»  found  a  valu> 
which  corresponded  with  a  vast  variety  of  slopes  and  vtim 
citiod,  from  motions  almost  im|x>r        '  '     iu  a  bed  nadf 
horizontal,  to  the  greatest  veloci  >:h  could  be  pO' 

duced  by  gravity  alone  in  a  vertical  pipe ;  and  when  b 
compared  them  together^  he  found  a  very  disc 
tion  between  the  resistances  and  tlie  magnituilv  in 
tion ;  that  is,  that  in  two  channels  which  liad  ti" 
Blope,  and  the  same  propelling  force,  the  velocity  was  grea^ 
est  in  the  channel  which  had  the  greatest  section  rtl  i  * 
its  border.     This  may  reasonably  be  expected,      i 
sistances  arise  from  the  mutual  action  of  the  water  and 
border.     The  water  immediately  contiguous  lo  it  is 
ed,  and  this  retards  the  next,  and  so  on.     It  is  to  br 
pected,  therefore,  that  if  the  border,  and  the  Telocity, 
die  slope,  be  the  same,  the  diminution  of  this  velocity 
be  so  much  the  less  as  it  is  to  be  &)iared  among  a  gtttlff 
number  of  particles  ;  that  is,  as  the  area  of  the 
greater  in  proportion  to  the  extent  of  its  border.     Thi 
minution  of  the  general  or  medium  velocity  must  be  l< 
a  cylindrical  pipe  than  in  a  square  one  of  the  ssmo 
because  the  border  of  its  section  is  less. 

It  appears  evident,  that  the  resistance  of  each  pftrticlew" 
in  the  direct  proportion  of  the  whole  resist  '    *     'i>- 

verse  proportion  of  the  number  ofparticL.     J:.  ve 

equal  shares  of  it     It  is  tlicreforc  directly  as  the  bonier, 
and  inversely  aa  the  section.     Therefore  in  the  cxpnasm 

—  which  we  have  given  for  the  resistance,  the  quantity  m 

cannot  be  constant,  except  in  the  samechannitl ;  aodta| 
fercnt  cliannels  it  must  vary  along  with  the  ftbttllll 
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to  its  border,  because  \he  reustances  diminifih  in  pro- 
on  as  this  relation  increases. 

ilhout  attemptiDg  to  discover  this  relation  by  thepre^ 
examination  of  tlic  particular  motions  of  the  various 
ents,  M.  fiuat  endeavoured  to  discover  it  by  a  compa- 
of  experiments.  But  this  required  some  manner  of 
ng  lliis  proportion  between  the  augmentation  of  the 
n  and  the  augmentation  of  its  border, 
is  statement  is  this  :  He  reduces  every  section  to  a  rec- 
tangular parallelogram  of  the  same  area,  and  having  its 
ibue  equal  to  the  border  unfolded  into  a  straight  line.  The 
net  of  this  buftc  by  the  height  of  the  rectangle  will  be 
to  the  area  of  the  section.  Therefore  this  height  will 
representative  of  this  variable  ratio  of  the  section  to 
(We  do  not  mean  that  there  is  any  ratio  between 
rface  and  a  line  :  but  the  ratio  of  section  to  section  is 
S0erent  from  that  of  border  to  border ;  and  it  is  the  ratio 

I  df  tbeee  ratios  which  is  thus  expressed  by  the  height  of  this 

g 
I  rectangle).     If  S  be  tlie  section,  and  B  tlie  border^  -^  is 

evidently  a  hne  equal  to  the  height  of  this  rectangle.  Eve- 
ry section  being  in  this  manner  reduced  to  a  rectangle,  the 
perpendicular  height  of  it  may  be  culled  the  iiYonAULic 
I MSAV  DKPTH  of  the  section,  and  may  be  expressed  by  the 
Ifjrnibol  d.  (Buat  calls  it  the  mean  radius).  If  the  chan- 
!  Del  be  a  cyhndrical  pipe,  or  an  open  half  cylinder,  it  is  evi- 
dent that  d  is  half  the  radius*     If  the  section  is  a  rectangle, 

whose  width  is  w,  and  height  /*,  the  mean  depth  is  ,     g  i, 

AdCi    In  genera],  if  ^  represent  the  proportion  of  the  breadth 
of  a  rectangular  canal  to  its  depth,  that  is,  if  q  be  made  = 

-TT,  wc  shall  have  d  = «-  '^  —  -^ 


or  d 


Ncrw,  since  the  reaistance^  must  augment  as  the  propor- 
tkm  of  the  border  to  tfac  ,  m  in  the  for- 
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mulas  —  =  ^  and  V  v'  *  =  '/^gi 

in         9 

portions  of  d,  and  the  quantitT  ^  mff 
al  to  v^d  for  different  chaaneb,  and 

constant  quantitj  in  every  case. 

Our  author  waa  avrare,  however,  of  a  ray 
jection  to  the  dofie  depeideDce  d  the  leastanoe  oo  the» 
tent  of  the  border;  ax»d  that  it  night  be  fiaid  ihaiadgiitk 
border  did  not  occasion  a  double  reastanoc^  unks  ik 
pressure  on  all  the  parts  was  the  aame.  For  k maj fatSr 
turally  (and  it  is  generallj)  suppocfd,  that  the 
will  be  greater  when  the  preaaure  ia  greater.  The 
or  xenstanoe  analogous  to  £iicUQn  maj  therefore  be  pW 
on  an  inch  of  the  bottom  than  on  an  inch  of  the  ades;  but 
M.  D^Alembert  and  many  others  hare  demonstiBled^  4^ 
the  paths  of  the  filaments  will  be  the  same,  whatever  be^ 
pressures.  This  might  serve  to  justify  our  ingenious  » 
thor ;  but  he  was  determined  to  rest  every  thing  on  esp 
liment.  He  therefore  made  an  experiment  on  the  osdlb- 
tion  of  water  in  syphons,  which  we  have  repeated  in  tk 
following  form,  which  is  affected  by  the  same  ciraunibBi- 
ces,  and  is  susceptible  of  much  greater  precision,  mid 
more  extensive  and  important  application  : 

The  two  vessels  ABCD,  ahcd  (Fig.  9.)  were connedtd 
by  the  syphon  EFG^ye,  which  turned  round  in  the  dmrt 
tubes  E  and  e,  without  allowing  any  water  to  escape;  tbe 
axes  of  these  tubes  being  in  one  straight  line.  The  vak 
sels  about  ten  inches  deep,  and  the  brandies  FG9  fi 
of  the  syphon  were  about  five  feet  long.  The  vefldi 
were  set  on  two  tables  of  equal  height,  and  (the  hole  I 
being  stopped)  the  vessel  ABCD,  and  the  whole  syphon 
were  filled  witlr  water,  and  water  was  poured  into  HmW^ 
seladcdtiUit  stood  at  a  oerjtain  height «M.    Tkff 
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was  llien  turned  into  n  hortzontal  position,  and  the 
dravi)  out  of  r,  and  Uie  titiie  carefully  noted  whicli 
WAter  employed  in  rising  to  the  level  UK  A;  A  in  both 
Tlie  whole  appamius  was  now  inclined,  so  that 
water  run  back  into  A  BCD.  The  s^'phon  was  now 
in  a  vertical  (Hiailion,  and  tlie  experiment  was  repeat* 
•No  sensible  or  regular  difference  was  observed  in  the 
Yel  in  this  experinicnt  the  pressure  on  the  part  G^ 
le  sjphon  was  more  than  six  times  greater  than  before. 
it  was  thought  that  the  friction  on  this  small  part  (only 
inches)  was  too  small  a  portion  of  the  whole  ohstruc- 
various  additional  olistructions  were  put  into  this  pari 
le  8}'phon,  and  it  was  even  lengthened  to  nine  feet ; 
sdli  no  remarkable  differem-e  was  observed.  It  was 
thought  that  the  limes  were  less  when  the  syphon  was 
ica). 
lus  M.  de  Bnat's  opinion  is  completely  justified  ;  and 
lay  be  allowed  to  n^^scrt,  that  the  resistance  depends 
on  x\^c  relation  between  the  section  and  ita  border; 

that —^  should  be  a  constant  quantity. 

^  (I 

'o  BHcerCain  this  point  was  the  object  of  the  next  scries 

•rimenis;  to  see  whetluT  this  qiiantity  was  really 

il,  and,  if  not,  to  discover  the  law  of  its  vanation, 

the  physical  circumstances  which  accompanied  the  va- 

lons,  and  may  therefore  be  considered  as  their  causes, 

_aireful  comjiarison  of  a  very  great  number  of  experi- 

fcts,  made  with  the  same  slope,  and  with  very  different 

ids  and  velocities,  showed  that  */ tng  did  not  follow 

proportion  of  v'l^  nor  of  any  power  of  V^     This 

ily  ^  vtg  increased  by  smaller  degrees  in  proportion 

d  was  greater.     In  very  great  beds  vmg  was  neor- 

tu  ^/~df  but  in  saialler  channels,  the  velocaliea 

led  mudi  uv)!  lid.     Casting  about  for 

way  oi'accomniuti.uHfii;  ki.  mat  considered,  tlmt  (lome 


484 


THEOBY  OF  RIVBRS. 


■pproxhnation  at  least  would  be  had  by  t&kixig  offina 
d  some  constant  small  quantitj.     This  ia  prident :  fv 
ich  a  diminution  will  have  but  a  trifling  effect  irhcn  ^ 

great,  and  its  efTect  will  increase  rapidly  when  v'  d  U  srrj 

lalL     He  therefore  tried  various  values  for  this  sab(r»> 

t,  and  compared  the  results  with  the  form«'  expesiroenti^ 

and  he  found,  that  if  in  every  caae  1/  J  be  dimtimlial 

by  one-tenth  of  an  inch,  the  calculated  discbofgee  wooU 

agree  very  exactly  with  tlie  experiment     TheiHsfore,  nw 

LUtead  of  1/ d,  he  makes  use  of  v  it'^Oyl,  and  finds  ttii 

['quantity   always  proportional    to   vmg^    or   fimU  thil 


: — ^~.  is  a  constant  quantity,  or  very  nearly  so*   H 


VT— 0,1 

varied  from  297  to  287  in  all  sections  from  that  of  a  nn 
small  pipe  to  that  of  a  little  canal.  In  the  large  BcctioBf 
of  canals  and  rivers  it  diminished  still  more,  but  never  vii 
less  than  256. 

This  result  is  very  agreeable  to  tile  most  distinct  notioni 
that  we  can  form  of  the  mutual  actions  of  the  water  ajsd  it> 
bed-  We  see,  that  when  the  motion  of  wat4n*  is  obstruct- 
ed by  a  solid  body,  which  deflects  the  passing  fiUmcotii 
the  disturbance  does  not  extend  to  any  considerable  &- 
tance  on  the  two  sides  of  the  body.  In  like  manner,  tlw 
small  disturbances,  and  imperceptible  cut '  '  t  modoa 
which  are  occasioned  by  the  infinitesimal  ii^  ^  i^^oftbr 
channel,  must  extend  to  a  very  small  distance  indeed  fros 
the  sides  and  bottom  of  the  channel.  We  know,  loo,  tbn 
'the  mutual  adhesion  or  attraction  of  water  for  the  solid  bo- 
which  are  moistened  by  it,  extends  to  a  very  small  de^ 
;  which  is  prol)ably  the  same,  or  uearly  k>,  inlO 
cases.  M.  Buat  observes,  that  a  surface  of  d3  squiff 
inches,  applied  to  the  surface  of  stagnant  water,  lifted  1601 
grains;  another  of  5^  square  inches  lifted  86ff;  tlnsmi 
at  the  rate  of  65  grains  per  inch  nearly,  making  a  cdunn 
of  about  one-sixth  of  an  incli  high.     Noir  tfau  effect  ia  wn 
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analogous  to  a  real  contraction  of  the  capacity  of  the 
nel.  The  water  may  be  conceived  as  nearly  stagnant 
this  stuall  distance  from  the  border  of  the  section.  Or, 
apeak  morc  accurately,  the  diminution  of  the  progressive 
occasioned  by  the  friction  and  adhe&ion  of  the  sides, 
very  rapidly  as  we  recede  from  the  sides,  and 
to  be  sensible  at  a  very  small  distance, 
writer  of  this  article  verified  this  by  a  very  nmple 
d  instructive  experiment.  He  was  making  experiments 
the  production  of  vortices,  in  the  manner  suggested  by 
ir  Isaac  Newton,  by  whirling  a  very  accurate  and  smooth- 
y  polished  cylinder  in  water ;  and  he  found  that  the  rapid 
tDotion  of  tlie  surrountling  water  was  ajnfincd  to  an  exceed- 
ing small  distance  from  the  cylinder,  and  it  was  not  till  af- 
ter many  revolutions  that  it  was  sensible  even  at  tlie  di»- 
of  lialf  an  inch.  Wc  may,  by  the  way,  suggest  this 
e  best  form  of  experiments  for  examining  the  resist- 
of  pipes.  The  motion  excited  by  the  wfiirling  cyhn- 
in  the  st.ignant  water  is  equal  and  opposite  to  the  mo- 
loat  by  water  passing  along  a  surface  equal  to  that  of 
ylinder  with  the  same  velocity.  Be  this  as  it  may, 
justified  in  considering,  with  M.  Buat>  the  section 
Df  the  stream  as  thus  diminished  by  cutting  ofFa  narrow  bor- 
der alt  round  the  touching  parts,  and  supposing  that  die 
motion  and  discharge  is  the  same  a^  if  the  root  of  the  mean 
t  of  ilie  section  were  diminished  by  a  small  quantity, 
'  constant.  We  see,  too,  that  the  cHect  of  this  must  be 
tble  in  great  canals  and  rivers  ;  so  that,  fortunately^ 
uantity  is  best  ascertained  by  experiments  made  with 
pipes.  This  is  attended  with  another  conveniency, 
the  opinion  of  M.  Buat,  namely,  that  the  effect  of  visci- 
ity  is  most  sensible  in  great  masses  of  water  in  slow  mo- 
and  is  almost  insen^ble  in  small  pipes,  so  as  not  to_ 
rb  diese  experiments.     We  may  therefore  li^ 

the  general  value  of  -j= — ^ — . 
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Since  we  have  ~= — s- —  =  897.  we  haye  also  m 
%'d— 0,1 


(s^d"_0,l)*.     This  we  may  express  by  n  (^X— 0,1^. 
And  thus,  when  we  have  expressed  the  effect  of  frictioD  bf 

— ,  the  quantity  m  is  variable,  and  its  general  value  i»s 
in  which  n  is  an  invariable  abstract  number 


(s'd  —  Oylf 

equal  to  243,7,  given  by  the  nature  of  the  resistance  iddd 

water  sustains  from  its  bed,  and  which  indicates  its  iota- 

sity. 

And,  lastly,  nnce  m  =  n  (V  d  —  0»1)'>  we  have  V  mg 
=  ^ng(jjd — 0,1),  and  the  expression  ofthevdod^ 
V,  which  water  acquires  and  maintains  along  any  ditaai 

whatever,   now  becomes  V   =   -^  ^        '  " 

^^.A      — L-i,  in  which  X  is  also  a  variable  quantitjt 

depending  on  the  slope  of  the  surface  or  channel,  and  a* 
pressing  the  accelerating  force  which,  in  the  case  of  witer 
in  train,  is  in  equilibrio  with  the  redstances  expressed  hf 
the  numerator  of  the  fraction. 

Having  so  happily  succeeded  in  ascertaining  the  varia- 
tions of  resistance,  let  us  accompany  M.  Buat  in  his  invc*- 
tigation  of  the  law  of  acceleration,  expressed  by  the  vd* 
ofX. 

Experience,  in  perfect  agreement  with  any  distinct  op- 
nions  that  wc  can  form  on  this  sulject,  had  already  Aicnni 
him,  that  the  resistances  increased  in  a  slower  ratio  tta* 
that  of  the  squares  of  the  velocities,  or  that  the  vdocidM    J 
increased  slower  than  VT.     Therefore,  in  the  bnttuidt  I 
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vertical.     In  this  case 


thus,  V  ^  -^,  we  must  adnut  that  X  is  scnaibly 

to  iJ  0  whea  the  slope  is  very  small  or  s  very  great, 
that  we  may  accurately  express  the  velocity  in  pro. 
ID  as  the  slope  augments,  we  must  have  X  greater 

^7  _ 

mJ  g  *  and  moreover^ must  increase  as  V  «  di- 

ihes.     These  conditions  are  necessary,  that  our  values 

A 
deduced  from  llie  formula  V  =  -^>  may  agree  with 

inient. 

order  to  comprehend  every  depve  nf  slope,  we  must 
lUrly  attend  to  the  motion   through  pipes,  because 
canals  will  not   furnish   us  with  instances  of  exact 
iKa  with  great  slopes  and  velocities.     We  can  make 

-  is  -r,  and  the  velocity  la  the 

(t  possible  for  a  train  by  the  action  of  gravity  :  but  we 
ive  greater  velocities  than  this  by  increasing  the  head 
ter  beyond  what  produces  tlie  velocity  of  the  train- 

AB  (Fig.  10.)  be  a  vertical  tube,  and  let  CAbc  the 
competent  to  the  velocity  in  the  tube,  which  we  sup- 
to  be  in  train.  The  slope  is  1,  and  the  full  weight  of 
[column  in  motion  is  the  precise  measure  of  .the  resist- 

The  value  of   ->  considered  as  a  sloped  is  now  a 

rum;  but,  considered  as  expressing  the  proportion  of 
'■eight  of  Uie  column   in  motion  to  the  weight  which  is 
cquilibrio  with  the  re^tauce,  it  may  not  lie  a  maxi- 
;  it  may  surpass  unity,  and  *  may  be  less  than  I. 
the  vessel  be  filled  to  E,  the  head  of  water  is  increas- 
id  will  produce  a  greater  velocity,  and  litis  will  pro- 
a  greater  resistance.     The  velocity  being  now  greater, 
£F  whidi  imports  it  must  be  greater  titan  CA. 
|it  will  not  hfl  eQ^ial  t9£Ai  because  the  uniform  vela. 
are  found  i)i|iBter  than  the  square  roots  of 
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the  pressures.  This  is  the  general  fact.  Tlierefon  F  ti 
alx)ve  A,  and  the  weight  of  the  column  FB,  now  emplo^ 
to  overoome  the  resistooce,  is  greater  Uian  the  wdgbt  of  iW 

column  AB  in  motion.     In  such  cases,  thcrcforej  -f  piMt* 

er  than  umty,  is  a  sort  of  fictitious  slope,  and  onlj  np^ 
sents  the  proportion  of  the  resistance  to  the  we^t  of  4r 
moving  column.     This  proportion  may  surpws  tituly, 

But  it  cannot  be  infinite ;  for  supposing  the 
water  infinite  ;  if  this  produce  a  finite  Telocity,  md  *»iN 
duct  from  tlie  whole  height  the  height  corres 
this  finite  velocity,  there  will  remain  an  infiiutc 
measure  of  an  in&uite  resistance  produced  by  a  ^te 
dty.  This  docs  not  accord  witli  the  observed  LiW  uf  it 
velocities,  where  the  resistances  actually  do  not  incnM* 
fast  as  the  squares  of  tlie  velocities.  Therefore  an  ififiitK 
head  would  have  produced  an  infinite  Telocity,  in  oppo** 
tion  ti)  the  resistances :  taking  off  the  bead  of  the  ttitf 
competent  to  this  velocity,  at  tlie  entry  of  tlic  tube,  vUcfc 
head  would  also  be  infinite,  the  remainder  would  m  aO  pn>' 
bab'dity  be  finite,  balancing  a  finite  resistance. 

Therefore,  the  value  of  s  may  remain  finite^  althoogb  ik 
velocity  be  infinite ;  and  this  is  agreeable  to  all  our  rWrst 
notions  of  the  resistances. 

Adopting  this  principle,  we  must  find  the  value  of  X 
which  will  answer  all  these  conditions.  S.  It  must  be  srtMiUf 
proportional  to  v^^  while  «  is  great.  It  roust  olvm  k 
less  than  V^T  3.  It  must  deviate  from  the  proportion  rf 
v'  *,  io  much  the  more  as  V^is  smaller.  4w  It  must  not 
vanish  when  the  velocity  is  infinite.  5.  It  must  agree  wii 
a  range  of  experiments  with  every  variety  of  channrl  iw 
of  slope. 

We  shall  understand  the  nature  of  this  quantity  X  bet- 
ter by  representing  by  lines  the  quantities  euucefned  ■> 
formuig  ic 
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If  tbe  velocities  were  exactly  as  the  squtre  roots  of 
hi  -dopec,  the  equilateral  hyperbola  NES  (Fig.  11.) 
DCtMeen  its  assymptotes  MA,  AB,  would  represent  the 

j^  

efvtion  V  =  -^ — .     The  values  of  -/  j  would  be  repre- 


by  the  abscisae,  and  the  velocities  by  the  ordinates 
liiV  ^  «  s=r  A  would  be  the  power  of  the  hyperbola.   But 

A 

pfie  these  velocities  are  not  sensibly  equal  to  -- —  except 

ifck  %/TiB  very  great,  and  deviate  the  more  from  this 
fMotity  as  \^  is  smaller ;  we  may  represent  the  velocities 
1^  flie  ordinates  of  another  curve  PGT,  which  approaches 
voyaear  to  the  hyperbola,  at  a  great  distance  from  A  along 
ilBi  but  separates  from  it  when  the  abscissa  are  smaller: 

if  AQ  represents  that  value  of  -/  *  (which  we  have 
become  less  than  unity),  which  corresponds  to  an 

vdocity,  the  line  QO  may  be  the  assymptote  of  the 

A 

Its  ordinates  are  equal  to  -^  while  those  of 

A 
tikyperbola  are  equal  to  —. — -     Therefore  the  ratio  of 

tppi  ardinaies  or  -=?-*  should  be  such  that  it  shall  be 

at  mndi  nearer  to  unity  as  VI  is  greater,  and  shall  sur- 
fib  it  so  much  the  more  as  V  ^  is  smaller. 

n  express  X  therefore  as  some  function  of  J  s  so  as 
Bifamrer  these  conditions,  we  see  in  general  that  X  must 
hlev  than  V  '-     And  it  must  not  be  equal  to  any  power 

tfl'V  *  vhose  index  is  less  than  unity,  because  then  -iL- 

^trii  differ  so  much  the  more  from  unity  ta  */  s  is  great- 
r.  Nor  must  it  be  any  multiple  of  V  '  such  hs  q  jj  Sy 
wibe  same  reason.  If  we  make  X  =  V  «  —  K,  K  being 
constant  quantity,  we  may  answer  the  first  condition 
'eity  welL     But  E  must  be  very  smaU,  that  X  may  not 
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become  equal  to  nothing,  except  in  some  exceedtn^j 
value  of  J  s.     Now  the  experiments  will  not  admit  of  tbu. 


because  the  ratio 


does  not  increase  suffic3(*od]f  H 


Js—K 
correspond  with  the  velocities  which  we  ol*ser\"e  la 
&lopcS|  unless  we  make  K  greater  than  unity,  whidi< 
is  inconsstent  with  other  experiments.     Wc  learn 
such  canvassing  that  it  will  not  do  to  make  K  a 
quantity.     If  we  should  make  it  any  fraclioiiar>'  |»t>«o"^ 
fj  s,  it  would  make  X  =  0,  that  is,  notiung,  wl 
=  1,  which  is  also  contrary  to  experience.     It  wouldi 
therefore,  that  nothing  will  answer  for  K  but  fiotw 
of  mJ  s  which  has  a  variable  index.     The   h 

V  *  has  this  property.     We  may  thcrefonc  Ity  lo 
X=  ^  J  —  log.  ^  3.   Accordingly  if  wc  try  the  cqi 

V  = — ; ; = ,  we  aliall  find  a  very 

^/  8  —  hyp.  log.  V  * 

Bgrccnienl  with  the  experiments  lill  the  dccHvity 
con.^dderable,    or   about  ^^^  which  ix  much  grcattT 
any  river.     But  it  will  not  agree  with  the  velodlid  «» 
served  in  some  mill-courses,  and  in  pipes  of  a  still 
declivity,  and  gives  a  velocity  that  is  too  small: 
vertical  pipes  the  velocity  is  not  above  one  half  of  the  tni 
one.     We  shall  get  rid  of  most  of  these  incongruities 
make  K  consist  of  the  hyperbolic  logaritlim  oT  J  * 
mented  by  a  small  constant  quantity,  and  by  tryin?  v>naii 
values  for  this  constant  quantity,  and  com|)ariii_ 
suits  with  experiments,  we  may  hit  on  one  sufiicieotiy  a* 
act  for  all  practical  purposes. 

M.  de  Buat,  after  repeated  tnols,  found  that  he  in^oi' 
have  a  very  great  conformity  with  experiment  by  toUoii 
K^Iog.  V  *  +  1,  U,  and  that  the  velocities  ex. 
his  experiments  would  be  very  well  represented  bj  u*<*  ^- 

g97(,/rf  — 0.1) 

mula  V=  — r= ' 

V  s  —  L  V*  -h  It<> 

There  is  a  circumstance  which  onr  autlior  wctsm%  lu  h^'e 
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on  this  occasion,  and  which  is  undoubtedly  of 
:t  in  these  motions,  viz.  the  mutual  adhesion  of 
icles  of  water.  This  causes  the  water  which  is 
ndlng  (in  a  vertical  pipe  for  example)  to  drag  more 
after  it,  and  thus  greatly  increases  its  velocity.  We 
■en  an  cKpohmcut  in  whicli  the  water  issued  from 
^pnn  of  a  reservoir  through  a  long  vertical  pipe  hav* 
I  very  gentle  taper.  It  was  15  feet  long,  one  inch 
itue  at  the  upper  end,  and  two  inches  at  the  lower. 
Hl|)th  of  the  water  in  the  reservoir  was  exactly  one 
in  a  minute  there  were  discharged  2^ji  cubic  feet  of 
'.  It  must  therefore  liave  issued  through  the  hole  in 
x>ltom  of  the  reservoir  with  tlic  velocity  of  8,85  feet 
ieoond.  And  yet  we  know  that  this  head  of  water 
[  not  make  it  pass  through  tlic  hole  with  a  velocity 
or  than  6,56  feet  per  second.  This  increase  must 
five  have  arisen  from  the  cause  we  have  mentioned, 
^m  proof  of  the  great  inten^ty  of  this  force.  We 
^ot  but  tliat  the  discharge  might  have  been  much 
increased  by  proper  contrivances ;  and  we  know  many 
sees  in  water-pipes  where  this  efi^ect  is  produced  in  a 
great  degree, 
le  following  case  is  very  distinct :  Water  is  brought 

Ktown  uf  Dunbar,  in  the  county  of  Bast  Lothian, 
pr'mg  at  the  distance  of  about  3S00  yards.     It  is 
iycd  along  tlie  first  11 00  yards  in  a  pipe  of  two  inches 
r,  and  the  declivity  is  IS  feet  9  inches;  from  thence 
flows  in  api|)e  of  Ij  diameter,  with  a  declivity  of 
inches,  making  in  all  57  feet.     When  the  work 
id  as  far  as  the  two-inch  pipe  reached,  the  dis- 
ras  found  to  be  27  ScotcJi  pints,  of  103^  cubic 
in  a  minute.     When  it  was  brought  into  the 
the  discharge  was  2R.     Here  it  is  plain,  tliat  the 
nt  along  the  second  stretch  of  the  pipe  could  derive  no 
in  from  the  first.     This  was  only  able  to  supply  27 
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pints,  ntii\  to  deliver  it  into  a  pipe  of  eqtul  twcv;  It 
tiiit  cq\iivalcnt  to  tJie  I'ordhg  it  into  a  mnaUcr  ptpv>  ifidi| 
sDost  doul>[ing  it«  velodty.  Itmuat,  th<Hid(>ris  hantM 
dragged  into  iliis  smaller  pipe  by  liic  wcigbl  of  vhakM 
drs^entrtng  along  it«  and  tlm  water  wa«  rxcrtiog  «  iow 
equivalent  ti>  a  bead  of  16  inches,  increaflonft  the  vdoni 
from  14>  t<)  about  !2S. 

It  must  be  abserrcd,  that  if  this  formula  bejiut, 
can  l>e  no  declivity  soamall  llial  a  current  of  waler 
take  place  in  it.     And  accordingly  nuiie  hfts  bccft 
in  tbe  surface  of  a  fttreara  when  this  did  not  happen. 
it  also  sliould  happen  with  respect  to  any  declivity  uf  lii 
torn.     Yet  we  kiK)w  tlmt  water  will  bang  on  ibe 
surface  of  a  board  without  proceeding  further.     Thri 
of  this  seeniB  to  be  the  adhesion  of  ibe  wator  coml 
its  viscidity.    The  viscidity  of  a  fluid  presenu  ai 
whicb  must  be  overcome  before  any  current  can  takAJ 

A  series  of  important  experiments  were  made  by  mlii^] 
tlior  in  order  to  ascertain  the  relation  between  the 
Uie  surface  of  any  stream  and  that  at  the  bottom. 
curious  aod  valuable  on  many  accounts.     One  ctnrtnmda'l 
deserves  our  notice  here,  viz.  that  the  diff^erena 
ilie  superficial  and  bottom  reiociiiat  of  arttp  strgam 
porttotial  to  the  square  roots  of  the  ^upcrfideU 
From  what  has  been  already  saitl  on  the  gradual 
tion  of  the  velocities  amon^  the  mljoining  ^Xtnaatk 
must  conchide  that  the  same  rule  hokbt  good  with 
to  the  velocity  of  separation  of  two  filaments  imi 
adjoining.     Hence  we  learn  that  tliis  veluci^  of 
tion  is  in  all  cases  inde6nile]y  small,  and  ibat  wi*nur«*il^| 
out  danger  of  any  sensible  error,  stippose  It  a  caKaO0\ 
quantity  in  all  csasea. 

We  think,  with  our  ingenious  author,  that  un  a 
of  these  circumHtances,  there  is  a  con^ant  or  inrnrttt 
tion  of  the  accelerating  force  employed  ill  orcttQi 


^fli 


IMl 
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\ty  aad  producttig  this  mutual  fieparation  of  the  ad- 
ting  iilamenUL    We  may  express  this  part  of  the  occol^ 

ing  force  by  a  pan  ~-  of  that  slope  which  constitutes 

e  whole  of  ic  If  k  were  not  employed  in  overooming 
iwislaDcei  it  would  produce  a  ^velocity  which  (on 
nt  of  this  renstanoe)   b  not  produced)    or  b  lost. 

would  be      ^  c  "^w      o*      This    must    therefore   be 

en    &om  the  velocity  exhtbitcd  by    our   general  for- 
u]&.     Wbeo   thus    corrected,   it  would   become   V  = 


(•d«0,l)  (  -^=J1!*^_=__  ^=~rt-7£/ 


But  OS 


ng 


the  Urm  -^     ^  ^  ^  compounded  only  (^ constant  quan- 

titles,  we  may  express  k  by  a  single  number.  This  has 
been  collected  from  a  scrupulous  attention  to  the  experi- 
ments (especially  in  canals  and  great  bodies  of  water  mov- 
ing with  very  small  velocities ;  in  which  case  the  effects  of 
viscidity  mast  become  more  remarkable),  and  it  appears 

that  it  may  be  valued  at     /0,09  inch,  or  0,3  inch,  very 

nearly. 

From  the  whole  of  the  foregoing  considerations,  drawn 
&om  nature,  supported  by  such  reasoning  as  our  most  dis- 
tinct notions  of  the  internal  motions  will  admit,  and  autho- 
rised by  a  very  extensive  comparison  with  experiment,  we 
are  now  in  a  condition  to  conclude  a  complete  formula,  ex* 
pressive  of  the  uniform  motion  of  water,  and  involving 
every  circumstance  which  appears  to  have  any  share  in  the 
operation. 

Therefore  let 

V  represent  the  mean  velodty,  in  inches  per  second,  of 
jmy  current  of  Tf*tcr,  running  uniforr-'- 


.ui-i. 
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TBAiN,  in  a  ppe  or  open  channd,  whoie  aectioiiy  ligiD^ 
and  slope,  are  constant,  but  its  length  indefimte. 

d  the  hydraulic  mean  depth,  that  is,  the  quotient  sm* 
ing  from  dividing  the  section  of  the  channel,  in  square 
inches,  by  its  border,  expressed  in  linear  inches. 

s  the  slope  of  the  pipe,  ot  of  the  surface  of  the  cnixcaL 
It  IS  the  denominator  of  the  fraction  expresung  this  ilope^ 
the  numerator  being  always  unity ;  and  is  had  bj  ^vidiqg 
the  expanded  length  of  the  pipe  or  channel  bj  the  diiGr- 
enoe  of  height  of  its  two  extremities. 

ff  the  velocity  (in  inches  per  second)  which  a  hmy 
body  acquires  by  falliDg  during  one  second. 

n  an  abstract  constant  number,  detennined  by  expei 
ment  to  be  243,7. 

L  the  hyperboHc  logarithm  of  the  quantity  to  which  it  ii 
prefixed,  and  is  had  by  multiplying  the  common  logazithm 
of  that  quantity  by  2,8026. 

We  shall  have  in  every  instance 

V=  ^(^'Jr^)._0.8(^-0,1) 

vT— L.'/7+i;6     '  '■  ' 

This,  in  numbers,  and  English  measure,  is 

And  in  French  measure 

VT— LVj+1,6  ^  ' 

The  following  table  contains  the  real  experiments  &anx 
which  this  formula  was  deduced,  and  the  comparison  of  the 
real  velocities  with  the  velocities  computed  by  the  formula 
It  consists  of  two  principal  sets  of  experiments.  The  fint 
arc  those  made  on  the  motion  of  water  in  pipes.  The  t^ 
cond  are  experiments  made  on  open  canals  and  rivers.  In 
the  iirst  but,  column  1st  contains  the  number  of  the  C9f» 
ment;  2d,  the  length  of  the  tube ;  5d,  thehd^tofr 
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reservoir ;  4lh,  the  values  of  S,  deduced  from  column  se- 
cond and  third  ;  5th,  gives  the  observed  velocities ;  and  6th, 
the  Tclocities  calculated  by  the  formula. 

In  the  second  set,  column  5!d  gives  the  area  of  the  sec- 
tion of  the  channel ;  3d,  the  border  of  the  canal  or  circum- 
ference of^the  section,  deducting  the  horizontal  width, 
which  sustains  no  friction ;  4th,  the  square  root  V'd  of 
the  hydraulic  mean  depth  ;  5tb,  the  denominator  S  of  the 
«lope;  6tli,  the  observed  mean  velocities;  and  7th,  the 
mean  velocities  by  ^e  ibrmuJa.  In  the  lost  ten  experiments 
on  large  canals  and  a  natural  river  the  6th  column  gives 
the  observed  velocities  at  the  surface. 


Set  I.-— Expebiments  oh  PirES. 


ExperimerUi  hy  CJievaiicr  De  Buat. 


i    Length     |     Height 
of  of 

Pipe.       I   Reservoir, 


Values 
of*. 


Velocitica 
obwrreU. 


Velocities 
calcul&t«(t 


Vertical  Tube  §  of  a  ZAne  in  Diameter  and 
Vd  =  0,117851. 


Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

1 

12 

16.166 

0,75636 

11,704 

12,006 

s 

12 

13,1  iJo 

0,9307 

9,768 

10,576 

3 

4 
5 
6 
7 
8 
9 
10 


Vertical  Pipe  IJ  Ltnes  Diameter y  and 
s/d  =  0,176776 /ncA. 


34,166 

4?»1C6 

0,906a 

45,468 

Do. 

38,333 

0,9951 

46,156 

Do. 

36,666 

1,(J396 

43,385 

Do. 

85,338 

1,0781 

41,614 

Do. 

14,583 

2,5S3S 

26,202 

Do. 

9.292 

4,0367 

21,064 

Do. 

5.2!)i3 

7,03G 

14,642 

Do 

a^»a 

J7,6378 

7,320 

46,210 
45,721 
42,612 
41,714 
25,523 
19,885a 
14,447 
2,35 


U6 
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VeHkai  Pif$i  ft  Umt  Diameter,  and  V^=^  e^ECMlM. 


N(k 

Pitt. 

▼itaw 

VAtfifav 

V<fai** 

11 

13 
14 

Inch. 

36,25 
Do. 
Do. 
Do. 

Indi. 

5i,aw 

45,350 
41,916 
38,750 

0,85451 

o^ga'tftB 

1,09808 
I,l!8047 

heft. 
64^7S 
£9,605 
67,220 
54,180 

ladk. 

60,4« 
57,838t 
05,8X1 

15  I  36,25  I  33^500.  (  1,29174  |  51,151    |  50,983 
Sfame  Pipe  horimnki. 


16- 

86,25 

15,292 

2,7901 

17 

Do. 

8,876 

4,78076 

18 

Do. 

5,292 

7,89587 

19 

Da 

8,042 

2(^01637 

33,«78 
25,430 
19,940 
1(^030 


35,167 
24,553 
18,313 
10,492 


Vertical  Pipe  2^*5  Lines  Diameter,  and  ^fZ  =  0,24CTW 


85,201 
81^461 

80,698 

80,318 
77,318 
73,9W 


20 

3«,25 

53,250 

0,95235 

85,7* 

21 

Do. 

60,250 

1,00642 

82,471 

22 

Do. 

48,333 

1,0444 

81,646  > 
79,948/ 

23 

Do. 

48,333 

1,0444 

24 

Do. 

47,916 

1,0629 

81,027 

25 

Do, 

44,760 

1,1241 

76!,079 

26 

Do, 

41,250 

1,2167 

78,811 

The  same  pipe  wUh  the  dope,  i^ozi 
27  I  36,25  I  87,5     |   1,3323    |   70,822  |  TOW8 
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Ute  same  Pipe  horixontaL 


I 


K» 

Lcheih 
Pipe. 

Height 
Rnemtir. 

Valuea 

VcIodOCT 

Vekcitin 

of<. 

obMrv«d. 

c&lniiiUed. 

Inch. 

loch. 

Jnch. 

liKiu 

Inch. 

28 

36,25 

S0,16G 

!?,4303 

51,956 

50,140 

SO 

Do. 

i),083 

5,-2686 

33,577 

32,442 

30 

Do. 

7,361 

6,4504 

28,658 

28,801 

31 

Do. 

3. 

9,3573 

23,401 

23,195 

38 

Do. 

4-.916 

9,5097 

22,9S9 

22,974 

33 

Do. 

4,83? 

9,6652 

22,679 

22.754 

84 

Do. 

3,708 

12,4^24 

19,587 

19,650 

85 

Do, 

2,713 

1(5,3135 

16,631 

16,324 

86 

Do. 

2,083 

21,6639 

14,:e95 

14,008 

37 

Do. 

1,625 

27,5102 

12,(>80 

12,115 

88 

Do. 

0,833 

52,3427 

7,577 

8,215 

Pipes  sermbly  Jiorizontal  ^  d  =  0,6,  or  1  inch  diamcUr. 

85,524 
72,617 

60,034 
5S,472 
^29,668 
29,412 
22,056 
21,240 
19,950 

16,548 

15,232 
13,005 

10,656 

8,884 
8,218 
1,64T 

EXPEKIMBNTS  SY  THE  ASfiB  BoSfiUT. 

HorisiontcLl  pipe  I  iiich  diameUr  *^=  0,5. 


39 

117 

36 

5,6503 

84,94,5 

40 

117 

26,666 

7,48 

71,301 

41 

138,5 

20,950 

10,3215 

58,808 

42 

in 

18 

10,7880 

58,310 

48 

1.38.5 

6 

33,1962 

29,341 

44 

737 

23,7 

33,6658 

28,069 

45 

Do. 

14,6 

54,2634 

21,856 

46 

Do. 

13,7 

57,7772 

20,970 

47 

Do. 

12,32 

64,1573 

19,991 

48 
49 

Do. 
Do, 

8,961 

8,96  ; 

87,8679 

16,625  \ 
16,284  J 

50 

Do. 

7,780 

101,0309 

16,112 

51 

Do. 

5,93 

132,1617 

18,315 

62 
£8 

Do. 

Do, 

4,2    I 
4,2    j" 

186,0087 

10,671  ) 
10,441  Jl 

54 

138,5 

0,7 

257,8863 

8,669 

55 

737 

0,5 

1640,75 

3,62.3 

56 

737 

0,15 

5113,42 

1,689 

B   57  I  600 
P   ftSi  600 


12 

4 


54^5966 
161,319., 


us 
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69 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


HonmUalppe  \\  tmA 


'rd=Qjff7:L 


660 

720 

660 

1080 

1440 

720 

1800 

2160 

1080 

1440 

1800 

2160 


;«4 

112 

«4 
!24 
12 
24 
24 
12 
12 
12 
12 


i9jorm 

63,6166 

^,0828 

483542 

63,1806 

66,3020 

78,0532 

92,9474 

95,8756 

125,6007 

155,4015 

185,2467 


48»£S4 
M^47S 
33,160 
28,075 
24,004 
23,960 
21,832 
18,896 
18,943 
16,128 
14,066 
12,560 


40,5U 
S5,l3i 
33,106 

j2a^2U 
24,080 

^  23,316 

n,i» 

19^096 
18^749 
15,991 
14vll9 
12,790 


HorixofUaifipe  2,01  inch  diameter  V  d  =  0,708946. 

58,808 
43,196 
39,567 
35,096 
30,096 
28,796 
26,639 
24,079 
23,400 
20,076 
17,788 
16,097 

Mb  Couplet's  £xpeeih£nts  at  Versailles. 
Pipe  5  incites  diameter  V"5"=  1,11803. 

6,287 
5,168 
4,807 
4,225 
3,368 
2,254 

Pipe  18  inches  diameter  V"J=  2,12132. 
89  I  43200  I  145,088 1    304,973  |  39,159    |  M^ 


71 

360 

24 

21,4709 

58,903 

72 

720 

24 

35,8082 

43, 

73 

360 

12 

41,2759 

40,322 

74 

1080 

24 

50,4119 

35,765 

75 

1440 

24 

65,1446 

30,896 

76 

720 

12 

70,1426 

29,215 

77 

1800 

24 

79,8487 

27,470 

78 

2160 

24 

94,7901 

27,731 

79 

1080 

12 

99,4979 

23,806 

80 

1440 

12 

129,0727 

20,707 

81 

1800 

12 

158,7512 

18,304 

82 

2160 

12 

188,5179 

16,377 

83 

84240 

26 

84 

Do. 

24 

85 

Do. 

21,083 

80 

Do. 

16,750 

87 

Do. 

11,333 

88 

Do. 

5,583 

3378,26 

5,323 

3518,98 

6,213 

4005,66 

4,806 

5041,61 

4,127 

7450,42 

3,164 

15119,96 

2,011 
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^KT  II. — EXPEHIMENTS  WITH  A  WoODEN  CaMAL.                    ^^ 

H  SeecioQ  of     Border  of 

Valau        Valuei 

McAn       Mean  Ve-         ^^1 

1     Cual.           Canftl. 

atjd,          of*. 

Vekxin      lodlj  caU           ^^H 
obtcrvcd.     ciilaM.               ^^H 

[                         Trapezium  Canal.                                          ^^| 

H      Inch. 

Inch. 

Inrh. 

Inch. 

Inch. 

^H 

H  i3>B-i 

13,06 

1,20107 

2i2 

27.51 

S7,19           ■ 

Q    50,60 

29.50 

1,3096 

212 

28,92 

29,88           ^B 

n    83,43 

26, 

1.7913 

412 

27.14 

28,55           ^M 

27,20 

15,31 

1,3.329 

427 

18,28 

20,39          ^M 

39,36 

18,13 

1,4734 

427 

20,30 

22,71          H 

50,44. 

90,37 

1,5736 

427 

22,37 

24,37           ^M 

56,43 

21,50 

1,6201 

427 

83,54 

25,14          ^B 

98,74 

2«,25 

1,8696 

432 

28.29 

29,06           ^H 

I()0,74 

28,53 

1,8791 

432 

28,52 

29.23           ^M 

U  119,58 

31,06 

l,9fi22 

432 

30,16 

30,60           ^M 

R  126,^0 

31,91 

1,9SS7 

432 

31,58 

31,03           ^M 

130,71 

32,47 

2,0064 

432 

31,89 

31,32          ^M 

135,82 

33,03 

2,0241 

432 

32.52 

31,61           ^M 

20,83 

13,62 

1,2367 

1728 

8,94 

8,5S           H 

34,37 

IT, 

1,4219 

1728 

9,71 

9,98           ^M 

36,77 

17,56 

1,4471 

1728 

11,45 

■ 

42,01 

18,69 

1,4992 

1728 

12,34 

^H 

Rectangular  Caiial                                    ^H 

84,50 

21,25 

1,27418 

458 

20,24 

18,66          ^M 

86,95 

27,25 

1,77908 

458 

28,29 

26,69          ^1 

34.50 

21,25 

1,27418 

929 

13,56 

12,53           ^H 

36,22 

21,33 

1,2SI99 

1412 

9,20 

^m 

51,75 

23.25 

1,49191 

1412 

12,10 

^M 

76,19 

26,08 

1,70921 

1412 

14,17 

13,59          M 

105,78 

29,17 

1,90427 

1412 

15,55 

■ 

69, 

25,25 

1,65308 

9:288 

4.59 

■ 

155,25 

36,25 

2,09868 

9288 

5,70 

H 

IT  III. — Expehimexts  on  thb  Canal  op  Jaud.              ^H 

fteetkmof 

Border 

Values 

Values 

Velocity 

Velocity               ^^| 

r«nil. 

of  CaoaL     ( 

if  ^  d. 

of/. 

OuKTVeU  ftt 

Surface. 

^^1 

16252 

402       i 

3,3583 

8919 

17,42 

■ 

II0"5 

366      , 

5,70320 

11520 

12,17 

■ 

10475 

360       . 

5,3942 

15300 

I.kTI 

^M 

76j8 
7376 

340 
337 

t,M)74  Ij 

m 

I 

6125 

324    !                                                                 H 
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EsFperimcnts  on  the  River  Ht^nt, 


h 

fiectknof 
Hifer. 

Border 

of  n>v«. 

VaIum 

VAhui 

off. 

VdodQrftt 
Sui&a. 

I2S 
12.1 

125 

31498 
38838 
30905 
3i»639 

5tt9 

col 

5GS 
C04 

7.4397* 

S."   '•   ■■'' 

8,10108 

6048 

357s?3 

l64Mi    1 

Vrii(«7 


10^ 

Tbis  compari^n  must  be  acknowledged  to  be  most  ah 
tisfactory,  and  shows  the  great  penetration  ami  *'-  of 
the  author,  in  so  successfully  sifting  aiul  appr.  ^^  'M 

share  which  each  co-operating  circumstance  has  had  in  pro- 
ducing the  very  intricate  and  complicated  efiecL  It  addi 
some  weight  to  the  principles  on  which  he  Iimk  proceeded  m 
tliis  analysis  of  the  mechanism  of  hydraulic  motion,  lod 
must  give  us  great  confidence  in  a  theory  so  fairly  aU- 
blished  on  a  very  copious  induction.  The  author  ofFefs  tt 
only  as  a  rational  and  well-founded  probability.  To  tlu* 
character  it  is  certainly  entitled  ;  for  the  suppo&itionaiBMk 
in  it  are  agreeable  to  tlie  most  distinct  notions  we  can  form 
of  these  internal  motions.  And  it  must  always  be  reoiem* 
bcred,  that  the  investigation  of  the  formula,  altiiough  it  be 
rendered  somewhat  more  perspicuous  by  thus  having  re- 
course to  those  notions,  has  no  dependence  on  (lie  truth  pf 
the  principles.  For  it  is,  in  fact,  nothing  Injt  a  clasoAcft- 
tion  of  expefiments,  which  arc  grouped  together  by  msc 
one  circumstance  of  slope,  velocity,  form  of  scctioHi  &c- 
in  order  to  discover  the  law  of  the  clianges  which  arts  ia- 
duced  by  a  variation  of  the  circumstances  which  cUj  not  re- 
semble. The  procedure  was  precisely  similar  to  that  of  tbe 
astronomer  when  he  deduces  the  elements  of  ao  orbit  froa 
a  multitude  of  observations.  This  was  the  task  of  M.  de 
Boat ;  and  he  candidly  and  modestly  infomis  tu,  that  thr 
finding  out  analytical  forms  of  expression  which  won' 
hibit  these  changes  was  the  work  of  Mr  Denzcch  de  ^ 
nor^,  a  young  officer  of  engineers,  and  his  colleague-  i 
experimental  course.     It  does  honour  to  his  akiU  and  ad- 
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K;  and  we  thmk  tJio  whole  both  r  pretty  and  imtnio 
Hpecknen  of  the  method  of  dbcovering  tlie  Uws  of  na- 
1^  in  the  nadtt  of  complicated  phenomena.  Daniel  Ber- 
RiUi  first  gave  tlie  rules  of  tins  nielhi^d,  and  ihcy  have 
KB  greatly  improved  by  Lambert,  Condorcet,  and  De  la 
range.  Mr  Coulomb  has  given  sonie  excellent  examples 
dieir  application  to  the  discovery  of  the  latvs  of  frirtion, 
magDcticai  and  electrical  attraction,  &c.  Bat  this  pre* 
nt  work  is  tlie  most  perspicuous  au<l  fumiliar  of  them  all. 
is  the  empirical  mdhod  of  generalizing  natural  phcno- 
ma,  aad  of  deducing  funeral  rules,  of  which  we  can  give 
)  other  demoiifttratioii  but  that  they  are  faithful  rqircsen- 
tions  of  matters  of  fact.  We  hope  that  others,  eoeou- 
ged  by  the  tuccesa  of  M.  dc  Buat,  will  follow  this  ex- 
aple,  where  public  utility  is  preferred  to  a  display  of  ma- 
ematicaJ  knowledge. 

Although  the  author  may  not  have  hit  upon  the  precise 
odus  operandi^  we  agree  with  him  in  thinking  that  na^ 
xe  seems  to  act  in  a  way  not  unlike  what  is  liere  stippoaed. 
t  any  rate,  the  range  of  experiments  ia  so  extensive,  and 
multifarious,  that  few  cases  can  occur  which  arc  not  in- 
Lidod  among  tlicm.  The  experiments  will  always  retain 
cir  value  (as  we  presume  that  they  are  faithfully  narrate 
I),  whatever  may  become  of  the  theory  ;  and  we  are  con- 
]ent  that  the  fbrroula  will  give  an  answer  to  any  question 
which  it  may  be  applicable  infinitely  prcfernhle  to  the 
kgue  guess  of  the  most  sagacious  and  experienced  engineer. 
We  must  howcrer  observe,  that  as  the  experiments  on 
pes  were  all  made  with  scrupulous  care  in  the  contrivance 
id  execution  of  the  apparatus,  excepting  only  those  of  Mr 
EWplet  on  the  main  pipes  at  VenuuMeSy  we  may  presume, 
at  the  formula  gives  the  greatest  velocities  which  can  be 
fpected.  In  ordinary  works,  where  joints  arc  rough  or 
tkjf  where  drops  of  solder  hang  in  tlie  inside,  where  cocks 
Icrveoe  with  ddkacnt  water-ways,  where  ptpcs  have  awk- 
md  iMndb^gs,  cootractions,  or  enlai^gefnents,  and  where 
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they  may  contain  sand  or  air^  we  should  reckon  ooa  milfer 
Telocity  than  wliot  result*  from  our  calculation ;  and  w«  p» 
sumc  that  an  undertaker  may  with  confidence  proouK^tf 
this  quantity  without  any  risk  of  disa{^xunting  hk  <» 
ployer.  We  imagine  that  the  actual  perfomUDoeof  cntk 
will  be  much  nearer  to  the  formula. 

We  have  made  inquiry  after  works  of  thl'^  kijid  iMrj:r: 
in  Britain,-that  we  might  compare  them  wuJi  tJic-  forniulA. 
But  all  our  canals  arc  locked  and  without  motioa  ;  tad  «b 
have  only  learned  by  an  accidental  information  frooi  Mr 
Watt,  that  a  canal  in  his  neighbourhood,  which  is  IS  IM 
wide  at  the  surface,  and  seven  feet  at  Oie  liotlora,  and  (bar 
feet  deep,  and  lias  a  slope  of  one  inch  in  a  quarter  flf « 
mile,  runs  with  the  velocity  of  17  inches  per  seoood  at  iW 
surface,  10  at  the  bottom,  and  14  in  the  middle*  If  «t 
compute  the  motion  of  this  canal  by  our  formula,  we  lUI 
find  the  mean  velocity  to  be  19  j. 

No  river  in  the  world  has  liad  its  motions  so  mush  (cn* 
tinized  as  the  Po  about  the  end  of  the  last  century.  Il  hai 
been  a  subject  of  100  years  continual  litigadoa  betwesitki 
inhabitants  of  the  Bolognose  and  the  Ferrarese,  whiHhs 
the  waters  of  the  llheno  sliould  be  thrown  into  the  Trano) 
de  Venezia  or  Po  Grande.  This  occasioned  very  numciooi 
measures  to  be  token  of  its  sections  and  declivity,  and  tke 
quantities  of  water  which  it  contained  in  its  d-^''  -^t  >;tatn</ 
fulness.    But,  unfortunately,  tlic  long-estabn  .ibods<tf 

measuring  waters,  which  were  in  force  in  Lombardy,madrfla 
account  of  the  velocity,  and  not  all  the  entreaties  of  CartdSi 
Grandi,  and  other  modems,  could  prevail  on  ibe  viut4Xftn 
this  procesfi  to  deviate  from  the  estabhahed  mechucU.  W« 
have  therefore  no  rotnute  accounts  of  its  velocity  tlioii|b 
there  are  many  rough  estimates  to  be  met  wiOt  '  ']  -  vu 
luable  collection  published  at  Florence   in  17  -"^ 

writings  on  the  motion  ai'  rivers.  From  them  we  1> 
traded  the  o«/y  precise  observations  which  ace  to  he 
in  the  whole  work. 
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Po  Grande  receives  no  river  from  Stellata  to  the 
its  slope  in  that  interval  is  found  most  surprisingly 
namely,  six  inches  in  the  mile  (reduced  to  Eng- 
).  The  breadth  in  its  great  freshes  is  759  f<?et 
Scuro,  with  a  very  uniform  depth  of  31  feet.  In 
t  state  (in  whicli  it  is  called  Po  Magra)^  its  breadth 

than  700,  and  its  depth  about  lOi. 
Rhcno  has  a   unifom)  declivity   from  the  Ponte 
^to  Vigarano  of  15  inches  per  mile.     Its  breadth  in 
Rest  freshes  is  169  feet,  and  its  deptli  9. 
pr  Corrade,  in  his  report^  says,  that  in  the  state  of 
bat  freshes  the  velocity  of  the  Hheno  is  most  ex- 
of  that  of  the  Po. 
i  says,  that  a  great  &esh  in  the  Rheno  employs  IS 
y  many  observations  of  his  own)  to  come  from 
miJio  to  Vigarano,  which  is  30  miles.     This  is  a 
of  44  inches  per  second.    And,  by  Corradc^s  pro- 
the  velocity  of  the  Po  Grande  must  be  55  inches 
nd. 

i^s  observation  gives  the  Po  Magra  a  velocity 
ches  per  second. 

s  compare  these  velocities  with  the  velocities  calcu- 
Y  Buat^s  formula. 

Hydraulic  mean  depths  d  and  D  of  the  Rheno  and 
be  great  freshes  deduced  from  the  above  measureSi 
fi  and  344  inches;  and  their  slopes  a  and  S  are 

307(^5—0,1) 

S07(^^t-0,1) 


^  nsrdH'     This  will  give, 


—0,3 


^1)=52,176  inches  and 


-0,3 


*— LVrf+1,6 

rO,l)  =  46,727  inches. 

mlts  differ  very  little  from  the  velodties  above- 

And  if  the  velocity  ooarreBpoDding  to  a  depth 

be  deduced  fron  Montanari  in 

10  fed  u  that  they 
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are  in  the  poportwn  of  V  d,  it  will  be  found  to  be  alxMri 
63i  inches  per  second. 

This  comparison  is  therefore  highly  to  the  credit  of  tbc 
theory,  and  would  have  been  very  agreeable  to  M.  ik 
Buat,  had  he  known  it,  as  we  hope  it  is  to  our  Tis$deg% 

We  have  coUected  many  accoonts  of  water-pipes,  anl 
made  the  comparisons,  and  wc  flatter  ourselves  that  thoe 
have  enabled  us  to  improve  the  theory.  They  shall  sppesr 
in  their  proper  place ;  and  we  may  juH  observe  here,  tlul 
the  two-inch  pipe,  which  we  formerly  spoke  of  as  nmmw' 
ing  ihe  water  to  Dunbar,  should  have  yielded  t^' 
Scotch  pints  per  minute  by  the  formula,  instead  of  ri ;  i 
small  error. 

Wehavei  tben^ore,  no  hesitation  in  saying,  that  tin 
single  formula  of  the  uniform  motion  of  water  is  one  of  Ar 
most  valuable  presentfi  which  notund  flcience  and  Ibc  cm 
have  received  during  the  course  of  this  century. 

We  lioped  to  have  made  this  fortunate  investigation  of  <fe 
chevalier  de  Buat  still  more  acceptable  to  uur  reodeB 
by   another   table,   which   should   cxmtoin   the   valunr  dT 

807 
-7= —      . ^  ready  calculated  for  cvciy  dechvuj  uu; 

con  occur  in  water-pipes,  canals,  or  rivers.  Aided  by  tlo^ 
which  supersedes  the  only  difficult  part  of  the  computatiocv 
a  person  could  calculate  die  velocity  for  any  proposed  out 
in  less  than  two  minutes.  But  we  have  not  been  able  to 
get  it  ready  for  its  appearance  in  this  article^  but  we  shall 
not  fail  to  give  it  when  we  resume  the  subject  in  tli*?  ^t^'*-'*^ 
Water-Wobkb;  and  wc  hope  even  to  give  its  re 
a  scale  which  may  be  carried  in  the  pocket,  and  wii 
the  tmlearned  practitioner  to  solve  any  question  wiOi  scvu- 
racy  *m  half  a  minute. 


We  liavc  now  e3tal)lished  in  some  meaftir> 
Uydkaulics,  by  exhibiting  a  general  dtvui 
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expresses  tbe  relation  of  the  chief  circumstances  of  all  such 
cnotions  as  have  attained  a  state  of  pennanencj,  in  so  far 
as  this  de[)cnds  on  the  magnitude,  farm,  and  tdope  of  the 
channel.  This  permanency  we  have  expressed  by  the  term 
TKAt^,  saying,  that  the  stream  is  in  train. 

We  proceed  to  consider  the  subordinate  circumstances 
eontained  in  this  theorem  ;  such  as,  I^^,  The  forms  which 
nature  or  art  may  give  to  the  bed  of  a  running  stream, 
and  the  manner  of  expressing  this  form  in  our  theorem. 
fdy  The  gradations  of  the  velocity,  by  whidi  it  decreases 
in  tbe  different  filaments,  from  the  axis  or  most  rapid  fila- 
mGnt  to  the  border ;  and  the  connexion  of  this  with  the 
mean  velocity,  which  is  expressed  by  our  formula.  Scf, 
Having  acquired  some  distinct  notions  of  this,  we  shall  be 
abic  to  see  ti>e  manner  in  which  undisturbed  naturo  works 
in  forming  the  beds  of  our  rivers,  tlic  forms  which  she  af- 
fecta,  and  which  vre  must  imitate  in  all  their  local  modifi* 
cations,  if  we  would  secure  that  jiermanency  which  is  the 
efvideitt  aim  f if  all  her  c^x^rations.  Wc  stiall  here  learn  the 
mutnal  action  of  the  current  nod  its  bed,  and  the  circum- 
stanoes  which  ensure  the  stability  of  both.  These  we  may 
call  the  regimen  or  the  conservation  of  the  fitream,  and  may 
say  that  it  is  in  rcgtvicn^  or  in  conservation.  This  has  a 
relation,  not  to  tlu*  dimensions  and  the  slope  alone,  or  to 
the  accelerating  force  and  the  resistance  aiisir.g  from  mere 
inertia ;  it  respects  immediately  the  tenaciiy  of  the  bed, 
and  is  difierent  from  tlie  train, 

^hy  These  pieces  of  information  will  explain  the  devia- 
tion of  rivers  from  the  rectilineal  course ;  the  resistance  oc- 
nMJonrd  bv  these  deviations;  and  the  circumstances  on 
which  the  regimen  of  a  winding  stream  depends. 

Sect,  I, — Of  the  Forms  of  die  Channd. 
Thb  numerator  of  the  fraction  which  expresses  the  ve- 
locity of  a  river  in  train  has  V  d  forone  of  its  factors.  That 
kmOf  therefore,  is  most  favourable  to  the  motion,  which 
6 
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gives  ihc  grcatciil  %'aluo  to  what  we  have  called  ibc  hy- 
draulic mean  dejith  d.  This  is  the  prcTOgatire  of  llie  » 
micircte,  and  here  d  iff  equal  to  half  the  radius ;  ani)  u 
other  figures  of  the  same  area  are  the  more  (avourable*  ii 
ihey  approach  nearer  to  a  semicircle.  This  ia  tbc  forov 
tlierefore,  of  all  conduit-pipes,  and  should  be  iakm  fa 
aqueducts  which  are  buih  of  masonry.  Ease  and  accamj 
of  execution,  however,  liave  made  engineers  prefer  a  wrt- 
angular  form  ;  but  neither  of  these  will  do  for  a  dhaad 
formed  out  of  the  ground.  We  shall  sooa  see  that  the  » 
roidrcle  is  incompatible  with  a  regimen ;  and,  if  we  pi- 
eced through  the  regular  polygons,  we  shall  find  that  tk 
half  hexagon  is  the  only  one  which  has  any  pretensMi  Id 
a  regimen ;  yet  experience  shows  us,  that  even  its  fanb 
are  too  steep  for  almost  any  soil.  A  dry  earthen  bank,  Ml 
bound  togcdicr  by  grass  roots,  will  hardly  stand  with  • 
sbpe  of  45  degrees ;  and  a  canal  which  conveys  ninati^ 
waters  will  not  stand  with  this  slope.  Banks  whose  boK  tf 
to  Uie'u"  height  as  four  to  three  will  stand  very  wpII  in  moitf 
smls,  and  tliis  is  a  s)o{>e  very  usually  given.  This  form  i» 
even  affected  in  the  spontaneous  operations  of  nattnpe,  in 
the  channels  which  she  digs  for  the  rills  and  rivulets  io  the 
higher  and  steeper  grounds. 

This  form  has  some  mathematical  and  mechanical  |fO> 
perties  which  entitle  it  to  some  further  notice.   Let  ABET 
(Fig.  12.)  be  such  a  trapezium^  and  AIIGC  the  rec 
of  equal  width  and  depth.     Bisect  HB  and  EG  by 
verticals  FD  and  Kl,  and  draw  the  verdcals  6  B,  «  E>  Be- 
cause AH  :  HB  =-=  3  :  4,  we  have  AB  =  6>  and  BD  » 1 
and  FD  =  3,  and  BD  +  DF  =  BA.  From  thcw  pnamm 
it  follows,  that  the  trapezium  ABEC   has  the  Gome  nfli 
with  the  rectangle;  for  HB  being  bisected  in  D,  the  li 
angles  A CF,   BCD  arc  equal.     Also  the  Ixiri 
which  is  touched  by  the  passing  stream,  i^  ^"'■ 
Therefore  the  mean  depth,  which  b  tht 
area  divided  by  the  border,  is  the  same  in  both ;  and  ih^ 
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is  the  case,  whatever  is  the  width  BE  at  the  bottom,  or 
iven  though  Uiere  be  no  rectangle  such  as  6  B  E  c  inter- 
between  the  slant  sides. 

all  rectangles,  that  whose  breadtli  is  twice  tlic  height, 
is  half  of  a  square,  gives  the  greatest  mean  depth. 
Fore,  FK  be  double  of  FD,  the  trapezium  ABEC, 
iich  has  the  same  area,  will  have  the  largest  mean  depth 
ly  such  trapezium,  and  will  be  the  best  form  of  a  chan- 
conveying  running  waters.  In  this  case,  we  have 
;C  =  10,  AH  =3,  and  BE  =  2.  Or  we  may  say  that 
the  best  fonn  is  a  trapezium,  whose  bottom  width  is  J  of 
Uic  depth,  and  wliose  extreme  width  is  y.  This  form  ap- 
:he8  very  near  to  that  which  the  torrents  in  the  hills 
lly  dig  for  themselves  in  uniform  ground,  where 
action  is  not  checked  by  stones  which  they  lay  bare, 
ich  tliey  deposit  in  their  course.  .This  shows  us,  and 
be  fully  confirmed  by  and  by,  that  tlic  channel  of  a 
is  not  a  fortuitous  thing,  but  lias  a  relation  to  the 
itency  of  the  soil  and  velocity  of  the  stream, 
rectangle,  whose  breadth  is  }  of  the  deptli  of  water, 
therefore  have  tlie  same  mean  depth  witli  a  triangle 
surface  wide  is  J  of  its  vertical  depth ;  for  this  is  the 

IS  when  the  rectangle  6  B  E  c  is  taken  away, 
A  be  the  area  of  the  section  of  any  channel,  w 
width  (when  rectangular),  and  A  its  depth  of  water. 
what  we  have  called  its  mean  depth,  or  d,  will  be 

i  ^> ; '  —  1  o  jL.  Or  if  J  expresses  the  ratio  of  the 
fndth  to  tlic  depth  of  a  rectangukr  bed;  that  i«|  if 
k  =  —,  we  have  a  very  simple  and  ready  expression  for 

^  jatan  depth,  citlier  from  the  width  or  depth.     For 

h 


will 


q+fe 


or 


„    9 


d  = 


7+2 


fore,  if  the  dcpt 


id  the  width 


wc«houUl  havtj 


.\  • 


be  iufl. 


458  THEOKT  OF  BIVXR8. 

nite,  and  the  depth  fimte,  we  hare  d  =  h>  And  these  at 
the  limits  of  the  values  of  d ;  and  thereforey  in  riven  whne 
width  is  always  great  in  compariBmi  of  the  depth,  ve  nay 
witliout  much  error  take  their  real  depth  for  ih&x  hydraulic 
mean  depth.  Hence  we  derive  a  rule  of  easy  reooUectioiH 
and  which  will  at  all  times  give  us  a  very  near  estimate  d 
the  velocity  and  expense  of  a  running  stream,  viv.  that  Ar 
velocities  are  nearly  ae  ilte  square  roots  ofihe  depths,  Wc 
find  this  confirmed  by  many  experiments  of  MichelottL 

Also,  when  we  are  allowed  to  suppose  this  ratio  of  the 
velocities  and  depths,  that  is,  in  a  rectangular  canal  d 
great  breadth  and  small  depth,  we  shaM  have  the  quantitki 
discharged  nearly  in  the  proportion  of  the  cubes  of  the  vdi^ 
cities.  For  the  quantity  discharged  d  is  as  the  vdootf 
and  area  jointly,  that  is,  as  the  h^ht  and  velodty  joiadfr 
because  when  the  width  u  the  same,  the  area  is  as  As 
height  Therefore,  we  have  d  =  h  v.— -But,  by  the 
above  remark,  h  ==  u".  Therefore,  d  ==  »'  ;  and  dnsii 
confirmed  by  the  experiments  of  Bossut,  vol,  ii.  236.r- 
Also,  because  d  is  as  v  /»,  when  to  is  constant,  and  fay  the 
above  remark  (allowable  when  to  is  very  great  in  propar- 
tion  to  7t)  t?  is  as  ;^  h,  we  have  dash  ^  h,  or  A|,  or  the 
squares  of  the  discharges  pro^  irtional  to  the  cubes  of  the 
heights  in  rec^rmgular  beds,  and  in  the'*"  corresponi**Dg 
trapeziums. 

1.  Knowing  the  mean  depth  and  the  proportion  of 
the  width  and  real  depth,  wc  can  determine  the  d*DKfr 
sions  of  the  bed,  pnd  we  have  w  =  q  d  -{•  2d,  end  h=i 

%  If  we  know  the  p*'ea  and  rneoi  depth,  we  can  n 
like  manner  find  the  dimensions,  that 

A  =  a?  A,  pnd  d  =  — tttt  ;  therefore  w 

A 

+ad 


lepui,  we  aa  m 
is,  wand  A;  fir  I 


3.    If  d  V.'  I  lowa,  and  one  of  dw 
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we  can  find  the  other;   for  d  = 


»A 


2hd       ,  . 


iJ+TAe'Vtt 


wd 


4*  If  the  velocity  V  and  the  slope  S  for  a  riw  in 
train  be  given,  we  can  find  the  mean  depth ;  for  V  = 


197 


Ws— L^SH-l^" 


duce  ^  d   —  0,1  = 


O»0  (  '^^^""  ^•^)'    Whence  we  dc 


>  and 


t 


g97 

rf  =  to  this  quantity  +  0, 1. 

5.  We  can  deduce  the  slope  which  will  put  in  train 

Tiva*  whose  channel  has  given  dimcnBloDs.     We  make 

V  +  o";'3(Vd-J),T)  =  ^  ®-  "^'"^  **""^^  be  =  V  8 
— L  V  S  4-  1,  6,  which  we  correct  by  trials,  which  will  be 
exempnGed  when  we  apply  these  doctrines  to  practice. 

HaEving  thus  established  the  relation  between  the  dif- 
ferent cireumstances  of  the  form  of  the  channel  to  our  ge- 
neral formula,  we  proceed  to  consider, 

Sect.  3.— 77*^  Gradatums  <f  Velocity  from  tlu  Middle  of 
the  Stream  to  the  Sides. 


The  knowledge  of  this  Is  necessary  for  understanding 
the  r^men  of  a  river ;  for  it  is  the  velocity  of  the  filaments 
in  contact  with  the  bed  which  produces  any  change  in  it, 
and  occasions  any  preference  of  one  to  another,  in  respect 
of  regimen  or  stability.  Did  these  circumstances  not  ope- 
rate, llie  water,  true  to  the  laws  of  hydraulics,  and  confined 
witliin  the  bounds  which  have  been  assigned  them,  would 
Dcithpr  enlarge  nor  diminish  the  area  of  the  channel.  But 
this  lA  all  (haiJ|^^^Dmmi&e  of  waters  perfectly  clear, 
running  in  pt^^^^^^^^Hjuntiela.  But  rivers,  bruoks, 
and  III!  I  ^^^^^^^^BoDg  waters  loaded  with  mud 
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or  sand,  wliich  they  deposite  wherever  their  vdocilj  u 
checked ;  and  they  tear  up,  on  the  other  hand,  the  nal^ 
rials  of  tiie  channel  wherever  their  velocity  ts  stiffiekn^f 
great.  Nature,  indeed,  alms  continually  at  an  equiBbriuBi 
and  works  without  ccaang  to  perpetuate  her  own  pcrfi 
anoBBy  by  establishing  an  equality  of  action  and 
and  proportioning  the  forms  and  direction  of  tbe 
to  her  agents,  and  to  local  circumittanccs.  Uer  wad  '» 
slow  but  unceasing ;  and  what  she  cannot  aocompli^  m  « 
year  she  will  do  in  a  century.  The  beds  of  our  riven  htn 
acquired  some  stability,  because  tliey  ore  the  labour  d 
ages ;  and  it  is  to  time  that  we  owe  those  deep  and  vide 
valleys  which  receive  and  confine  our  rivers  in  rhaiwiK 
which  are  now  oonsolidated,  and  with  slopes  which  faivt 
been  gradually  moderated,  so  thnt  they  no  loDger  otfe 
ravage  our  habitations  or  confound  our  boundarWa.  Aft 
may  imitate  nature,  and  by  directing  her  operaikmB  {whkk 
filie  still  carries  on  according  to  her  own  impreecripcifab 
laws)  according  to  our  views,  we  can  hasten  her  pro^grctf) 
and  accomplish  our  purpose,  during  the  short  period  of 
human  life.  But  we  can  do  thb  only  by  studying  tbe  «B- 
altcrablc  laws  of  mechanism.  These  are  presented  to  m 
by  spontaneous  nature.  Frequently  we  remain  ignatuH  d 
their  foundation  :  but  it  is  not  necessary  for  the  proupcntj 
of  the  subject  that  he  have  the  talents  of  the  senator;  be 
can  pro6t  by  the  statute  without  understanding  its  gTOuad& 
It  b  so  in  the  present  instance.  We  have  not  as  vet  bco 
able  to  infer  the  law  of  retardation  observed  in  (he  fil^ 
ments  of  a  running  stream  from  any  sound  mechanied 
principle.  The  problem,  however,  docs  not  appear  beyoHl 
our  powers,  if  we  assume,  with  Sir  Isaac  Newton,  that  the 
velocity  of  any  particular  filament  is  tlie  in  '  i-aI 
between  those  of  the  filaments  immediate]}  -^jj_.j,.iig. 
may  be  assured,  that  the  filament  in  lite  axis  uf  an  iacfiiMJ 
lindrical  tube,  of  which  the  current  is  in  iVMXif  moTesdW 
istest,  and  that  all  tliosc  in  the  taxnc  circruuim'ncx  loaad 
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moving  with  one  velocity,  and  that  the  slowest  are 

which  glide  along  the  pipe.     We  may  affirm  the 

thing  of  the  moUons  m  a  semi-cylindrical  inclined 

i\  conveying  an  open  stream.     But  even  in  these  we 

not  yet  demonBtratcd  the  ratio  between  the  extreme 

itieSf  nor  in  the  different  circles.  This  must  be  decided 

lentally. 

And  here  we  are  under  great  obligations  to  M.  de  Buat, 

has  compared  the  velocity  in  the  axis  of  a  prodigious 

tber  and  variety  of  streams^  differing  in  size,  form, 

and  velocity,  and  has  computed  in  them  all  the  mean 

ity,  by  measuring  the  quantities  of  water  discharged 

.a  given  time.     His  method  of  measuring  the  bottom  ve- 

was  simple  and  just.     He  threw  in  a  gooseberry,  as 

r\y  as  possible,  of  the  same  specific  gravity  with  the 

:r.     It  was  carried  along  the  bottom  almost  without 

:htiig  it.     Sec  Kksistancb  or  Fluids  in  this  volume. 

discovered  the  following  laws:     1.  In  small  velod- 

the  velocity  in  the  axis  is  to  that  at  the  bottom  in  a  ra- 

of  considerable  inequality.     2.     This  ratio  diminishes 

the  velocity  increases,  and  in  very  great  velocities,  ap- 

to  the  ratio  of  equality.     9.  What  was  most  re- 

tle  was,  that  neither  the  magnitude  of  the  channel, 

its  slope,  had  any  influence  on  changing  this  propor- 

I,  while  the  mean  velocity  remained  the  same.     Nay, 

[h  the  stream  ran  on  a  channel  covered  with  pebbles 

coarse  sand,  no  difference  worth  minding  was  to  be  ob^ 

from  the  velocity  over  a  polished  channel.     4.  And 

Telocity  in  the   axis  is  constant,  the  velocity  at  the 

is  also  constant,  and  is  nut  affected  by  the  depth  of 

or  magnitude  of  the  stream.     In  some  experiments 

depth  was  thrice  the  widtli,  and  in  others  the  width 

ih—'-  •'  •  depth.     This  changed  the  proportion  of  the 

umguitude  of  die  rubbing 
the  ratio  of  the  velocities, 
laid  point  out. 
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Another  raoBt  impoftaat  fact  was  abo  the  fcndftoflB 

observation,  v'u.  that  tite  nuan  velocky  M  an^pipe  orapm 

ttream  is  the  arithfn^iical  mean  betwitn  $he  vdad^  in  dn 

am  emd  the  velocity  at  the  tides  qfa  pipe  or  boUom  rfm 

open  ttream.    We  havo  already  observed,  that  the  ntioof 

the  velocity  in  (he  axis  to  the  velocity  at  the  bollovidiH^ 

nished  as  the  mean  velocity  increased.     Thia  vaisatn  It 

was  enabled  to  express  in  a  very  «uii|^  mmonct^mm^ 

be  easily  rcmemlicred,  and  to  enable  us  to  teU  any  awflf 

them  by  observing  another. 

If  we  take  unUyJrom  ths  egtmre'root  qfihe 

velocii^^  expressed  in  inches,  the  square  rfike 

the  veloctty  at  the  botliytn  ;  and  tlte  mean  velccify  it  ihe  hojf 

turn  qft?iese  tioo.     Thus,  if  the  velocity  in  the  nuddkcl 

tbe  stream  be  25  inches  per  second,  iu  bquare  root  is  fi«ts 

from  vrhich,  if  we  take  unity,  there  remaiiia  four.    Ha 

square  of  this,  or  16,  is  tbe  velocity  at  the  buttooD,  Md 

-5+16        «^,    .     ,  ,    . 

— 3 ,  or  20i,  IS  the  mean  velociiy. 


This  is  a  very  curious  and  most  useful  piece  of  ii 
tion.  The  velocity  in  the  middle  of  the  stream  la  the 
est  measured  of  all,  by  any  light  small  body  floating 
it;  and  the  mean  velocity  is  the  one  which  rtqgulatcs^ 
train,  the  disdiarge,  the  cfiect  on  machines^  and  all  the 
most  important  consecjucuccs. 

We  may  express  this  by  a  formula  of  moat  easy  rvDoi- 
lection.  Let  V  be  the  mean  velocity,  v  Uie  velodty  in  thr 
axis,  and  u  the  velocity  at  tlie  bottom ;  vrc  have  m  ^ 

7T-I7andV=^. 


Al«)n  =  (VV  — ^+if,  and»  =  (Ju+  I)'. 

V=(VV-i)«-fi,andV  =  (^+i)»+j. 

«  =  (^/ 1?  —  1)*  and  M  =  (VV— J  —  iy. 
Also  p  —  u  =  2  V  V—  1  and  V  —  V,  =r  V  — 
V  — J:  that  is,  the  difiercncc  between  Uicsc 
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intfrcafies  in  the  ratio  of  the  square  roots  of  tlie  mean  velo- 
cities diminished  bj  a  small  conitant  quantity. 

This  uiay  perhaps  give  the  mathematidans  5omc  help  in 
ascertaining  the  law  of  degradation  from  the  axis  to  the 
mdes.  Thus,  in  a  cylindrical  pil>c,  wc  may  conceive  the 
current  as  consisting  of  an  infinite  number  of  cy&ndrical 
shells  sliding  within  each  other  like  the  draw-tubca  of  a 
spy-ghus.  Each  of  these  is  in  equilibrio,  or  as  much  acce- 
lerated by  the  one  witliin  it  as  it  is  retarded  by  the  one 
without;  tiicreforc  as  the  vtommUwm  of  each  diminishes  in 
the  proportion  of  its  diameter  (the  thickness  being  suppos- 
ed tike  same  in  all),  the  velocity  of  separation  must  increase 
bj  a  certain  law  from  the  sides  to  the  axis.  The  magni- 
tude of  the  small  constant  quantity  here  spoken  of  seems  to 
fix  thLs  jaw. 

The  place  of  the  mean  velocity  could  not  be  discovered 

^■ith  any  precision.     In  moderate  velocities  it  was  not  more 
tuHO  on^fourth  or  one-fi  fth  of  die  depth  distant  from  the 
Kityotn      In  very  great  velocities  it  was  sensibly  higher, 
but  never  in  the  middle  of  the  depth. 

The  knowledge  of  these  three  velocities  is  of  great  im- 
portance. The  superficial  velocity  is  easily  observed;  hence 
the  mean  velocity  is  eosuly  computed.  This  multiplied  by 
the  section  gives  the  expense;  and  if  we  also  measure  the 
expanded  border,  and  then  obtain  the  mean  depth  (or 
*i  d)j  we  can,  by  the  formula  of  uniform  motion,  deduce 
die  slope ;  or,  knowing  tlie  slope,  we  can  deduce  any  of  the 
other  circumstances. 

The  foUowmg  table  of  these  tliree  velocities  will  save  the 
trouble  of  calculation  in  one  of  the  most  fn-qucnl  fjUtfitions 
of  hydraulics. 
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knowledge  of  the  velocity  at  the  bottom  is  of  the 
greatest  use  for  enabling  us  to  judge  of  the  action  of  the 
stream  od  its  bed ;  and  we  shall  now  moke  some  observa- 
tions on  this  parUcular. 

Every  kind  of  soil  has  a  certain  velocity  consistent  with 
the  stability  of  tlie  channel.  A  greater  velocity  would 
enable  the  waters  to  tear  it  up,  and  a  smaller  veJocity 
would  permit  the  deposition  of  more  moveable  materials 
from  above.  It  is  not  enough,  then,  for  the  stability  of  a 
river,  that  tiie  accelerating  forces  are  so  adjusted  to  the 
size  and  figure  of  its  channel  tJiat  the  current  may  be  in 
train :  it  must  also  be  in  cquilibrio  with  the  tenacity  of  tlic 
chanael. 

We  Jeam  from  observation,  that  a  velocity  of  three 
inches  per  second  at  the  bottom  will  just  begin  to  work 
upon  fine  clay  fit  for  pottery,  and  however  firm  and  com- 
pact it  may  bo,  it  will  tear  it  up.  Yet  no  beds  are  more 
stable  tlian  clay  when  the  velocities  do  not  exceed  tliis :  for 
tlie  water  soon  takes  away  tlie  impaljiable  particles  of  tlie 
superficial  clay,  leaving  the  particles  of  sand  sticking  by 
their  lower  half  in  the  rest  of  the  clay,  which  they  now  pro- 
led,  making  a  very  permanent  bottom,  if  the  stream  does 
not  bring  down  gravel  or  coarse  sand,  which  will  rub  off 
this  very  thin  crust,  and  allow  another  layer  to  be  worn 
off;  a  velocity  of  six  inches  will  Ufl  fine  sand  ;  eight  inches 
will  lift  sand  as  coarse  as  linseed;  12  inches  will  sweep 
along  fine  gravel ;  S4  inches  will  roll  along  rounded  pebbles 
an  inch  diameter ;  and  it  requires  tliree  feet  per  second  at 
the  bottom  to  sweep  along  shivery  angular  stones  of  the 
fflM  of  an  egg. 

The  manner  in  which  unwearied  nature  carries  on  some 
of  iliese  operations  is  curious,  and  deserves  to  be  noticed  a 
little.  All  must  recollect  the  narrow  ridges  or  wrinkles 
*vbich  are  lefl  on  the  sand  by  a  temporary  fresh  or  stream. 
They  are  observed  to  lie  across  the  stream,  and  each  ridge 
steep  face  AD,  BF  (Fig.  24.)  wliich  looks 
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down  the  stream,  and  a  gentler  slope  DB,  FC,  w\wh  too- 
nects  this  with  the  next  ridge.  As  the  Ktrenm  camn  over 
the  first  steep  AD,  H  is  directed  almost  perpendicubdj 
a^nst  the  point  E  immediately  below  D,  and  ihu*  it  g«« 
hold  of  a  particle  of  coarse  sand,  wbidi  it  coiild  not  hBircik> 
tached  from  the  rest  had  it  been  moving  parallel  to  the  sar&» 
of  it.  It  cafflly  rolls  up  Lhc  gentle  slope  £B  ;  arrived  tbertt 
the  partiele  tumbles  over  the  ridge,  and  lies  dote  at  d» 
bottom  of  it  at  F,  where  it  is  protected  by  the  littla  cddjr, 
which  is  formed  in  the  rery  angle :  other  panicles  Ivv^ 
about  E  are  treated  in  the  same  way,   and,  tin  ttf 

tlie  ridge  B,  cover  the  first  particle,  and  now  pi^i*.^^  ii«C 
fcctually  from  any  further  disturbance.  The  same  opeis- 
tjon  is  going  on  at  the  bottom  of  each  ridge.  Ttie  bre« 
or  steep  ijf  the  ridge  gmdunlly  ndvnnt^es  down     '  fs, 

and  llie  whole  set  change  their  places,  as  reprove  .-.„  ,.,  tttf 
dotted  line  add/;  and  after  a  certain  time  the  partMl 
which  was  deposited  at  F  is  fnund  in  an  unprotected  lilH- 
tion,  as  it  was  in  E,  and  it  now  makes  anothi?r  step  duvv 
the  stream. 

The  Abb*?  Boesut  found,  that  when  the  relodty  of  tk 
stream  was  ju^t  suflloient  for  lifting  the  sand  (aiid  a  saHfl 
excess  hindered  diis  operation  altogether)  a  ndgc  adrtmoai 
about  SO  feet  in  a  day. 

9ince  the  cturent  carries  off  the  most  mo\*eflMe  nuttert 
of  the  channel,  it  leaves  the  bottom  covered  with  (i»c  rv* 
maining  coarser  sand,  gravel,  pebbles,  and  larger  staofs. 
To  these  are  added  many  which  come  down  the  stiroa 
while  it  is  more  rapid,  and  also  many  whidi  roll  in  fnm 
the  sides  as  the  banks  wear  awav.  All  these  ftjpm  a  hot- 
torn  much  more  sohd  and  immoveable  than  n  bottom  of  tbc 
medium  soil  would  have  been.  But  this  does  not  olwiyt 
maintain  the  channel  in  a  permanent  f    '        '        '  itj 

occasions  great  changes^  by  obliging  -  .  *»* 

event  of  any  sudden  fresh  or  swell,  to  enlarge  its  bed,  and 
even  to  change  it  altogether,   by  working  to  the  Hglil  aod 
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to  the  lefl,  since  it.  cannot  work  downwards.  It  is  generally 
froai  such  accumulation  of  gravel  and  pebblcH  in  the  bot. 
tum  of  the  lied  that  rivers  change  their  channelft. 

It  remains  tu  ascertain,  in  absolute  measures,  the  force 
wfaicli  a  current  really  exerts  in  attempting  to  drag  along 
with  it  the  materials  of  its  channel ;  and  which  will  pro- 
duce  this  efibct  unless  resisted  by  the  inertia  of  these  ma- 
trrials.  It  ia  therefore  of  practical  importance  to  know  this 
farce. 

Nor  is  it  abstruse  or  difficult  For  when  a  current  ia  in 
train,  the  accelerating  force  is  in  equihbrio  with  the  readst- 
once,  and  is  therefore  its  immediate  measure.  Now  this 
accelerating  force  is  precisely  equal  to  the  weight  of  the 
body  of  water  in  motion  multiplied  by  the  fraction  which 
expresses  the  slope.  The  mean  depth  being  equal  to  the 
quotient  of  the  section  divided  by  the  border,  the  section 
is  equal  to  the  product  of  the  mean  depth  multiplied  by 
Che  border,  llicreforc,  calling  the  border  6,  and  the  mean 
depth  </,  we  have  the  section  ^db*  The  body  (»f  water 
in  tnolion  is  therefore  dbs  (because  s  was  the  slant  length 
of  apart  whose  difference  of  elevation  is  1),  and  the  accele- 
rating force  isdZi^x  — ,ord6.  But,  if  we  would  only 
s 

confer  this  resistance  as  corresponding  to  an  unit  of  the 
length  of  the  channel,  we  must  divide  the  quantity  db  by 

db 


#.  and  the  resistance  is  then 


And  if  we  would  con- 


sider the  resistance  only  for  an  unit  of  the  border,  we  must 
divide  this  expression  by  b ;  and  thus  this  resistance  (tak. 
iflg  an  inch  for  the  unit)  will  be  expressed  for  one  square 
inch  of  the  bed  by  the  weight  of  a  bulk  of  water  which 

hm  a  square  inch  for  its  base,  and  —  for  it  height   And, 

lastly,  if  £  be  taken  for  any  given  superficial  extent  of 
dianncl  or  bed,  and  F  Uie  obstruction^  which 

as  A  sort  of  friction^  we  sliall  have  P  = 
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Thu«,  let  It  be  required  to  determine  in  pouod*  thfl  i^ 
sistftiice  or  friction  on  a  square  yard  of  a  rhanni*!  whoK 
current  is  in  txaio,  which  is  10  feet  wide,  four  feet  doef^ 
and  has  a  &lope  of  one  foot  in  a  mile.  Here  £  is  nine  £tet 
Ten  feet  width  and  four  feet  depth  give  a  section  of  40 


feet.    The  border  i«  18  feet. 


Therefore  d  =  i?  =2,lUli 
1» 


and  s  i«  5:iS0.     Therefore  Uie  friction  U    the   wngbl  ti 
a  column  of  water  whose  base  is  nine  feet,  aud  baigkl 

-L_^ — ,  or  nearly  S{^j^  ounces  avoirdupoisL 


wo^p 


Sect.  3.— Settlement  qf  the  Beds  of  Rivers. 

He  who  looks  with  a  careless  eye  at  a  map  of  thia 
is  apt  to  consider  the  rivers  which  ramble  over  its  uuSset 
as  a  chance-medley  disposition  of  the  drainers  which  cany 
off  the  waters.  But  it  will  afford  a  most  agreeable  olycl 
to  a  considerate  and  contemplative  mind«  to  take  it  op  ii 
tiiis  very  simple  light ;  and  liaving  considered  the  xaag 
ways  in  which  the  drenched  surface  might  have  been  clffit 
ed  of  the  superfluous  waters,  to  attend  particuUrly  lo  the 
very  way  which  nature  has  followed.  In  following  tlie 
troubled  waters  of  a  mountain  torrent,  or  tlie  pure  struaan 
whicli  trickle  from  their  baseS|  till  he  sees  tliem  swaDond 
up  in  the  ocean,  and  in  attending  to  the  nmny  varietiA  in 
their  motions,  he  will  be  delighted  with  observing  how  the 
simple  hiws  of  mechanism  are  made  so  fruitful  in  goodcvfi- 
sequences,  botli  by  modifying  the  motions  of  the  walos 
themselves,  and  also  by  inducing  new  forcas  o>a  the  sn^ 
face  of  the  earth,  fitted  for  re-acting  on  the  waters,  aad 
producing  these  very  modifications  of  their  motions  whidi 
render  them  so  beneficial.  The  pcrmonent  beds  of  rivw* 
are  by  no  means  fortuitous  gutters  hastily  aoooped  oat 
by  dashing  torrents;  but  both  they  and  ^he  valleji 
through  which  they  flow  are  tlie  patient  but  uoceasiog  Is- 
bours  of  nature,  prompted  by  goodness  and  directed  by 
wisdom.  7 
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IVhetiicr  we  trace  a  river  fnnii  the  torrents  which  rolled 
llic  Kuperfluous  waters  of  heaven,  or  from  the  springs  which 
discharge  what  would  otlierwise  be  condemned  to  perpetual 
ticity,  each  feeder  is  but  a  little  rill  which  could  not 
hie  far  ironi  iu  scanty  source  among  growing  plants  and 
absorbent  earth ,  without  being  sucked  up  and  evaporated, 
did  it  not  meet  with  other  rills  in  its  course.    When  unitetl 
ihcy  form  a  body  of  water  still  inconsiderable,  but  much 
CDore  able,  by  its  bulk,  to  o^'ercome  the  little  obstacles  to  its 
motion  ;  and  the  rivulet  then  moves  with  greater  speed,  as 
we  liave  now  Jearnctl.     At  the  same  time,  tlic  svirfacc  ex- 
posed to  cvajMiratiun  and  absorption  is  diminished  by  the 
umou  of  the  rills.     Four  equal  rills  have  only  tlie  surface 
.two  when  united.     Thus  the  portion  which  escapes  ar- 
ent,  and  travels  downwards,  is  continually  increasing. 
is  a  hsLppy  adjustment  to  tlie  other  operations  of 
ure.     Were  it  otherwise,  the  lower  and  more  valuable 
tries  would   be  loaded   with    the  passing  waters  In 
n  to  their  own  surplus  rains,  and  the  immediate 
neighbourhood  of  tlie  sea  would  be  almost  ooi'ered  by  the 
draios  of  the  interior  countries.     But,  fortunately,  those 
waters  occupy  less  room  as  they  advance,  and  by 
wise  employment  of  the  most  simple  means,  not  only  are 
ihc  superfluous  waters  drained  uiF  from  our  fertile  fields, 
but  tlic  drains  themselves  become  an  useful  part  of  the  coun- 
try by  lliejr  magnitude.     They  become  the  habitation  of  a 
prodigious  number  c^  fishes,   which  share  the  Creator's 
bounty ;  and  they  become  the  means  of  mutual  communi. 
Eation  of  all  the  blessings  of  cultivated  society.     Tlie  vague 
iambling«of  t Ik*  rivers  scatter  them  over  the  face  of  titc 
pountry,  and  bring  Uiem  to  every  door.     It  is  not  even  an 
it  circumstance,  that  they  gather  strength  to  cut 
beds  for  themselves.     By  this  means  they  cut 
many  springs.     Without  this,  ihe  produce  of  a  heavy 
would  make  a  swamp  which  would  not  dry  up  in 
ny  Jays.     And  it  must  be  obscned,  that  the  &amc  heat 
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which  IS  necessary  for  the  growtli  of  useful  ptaalB  w3l  ps^ 
duce  a  very  mpious  evapiirAtion.  This  tuiut  nton  ■ 
showers  much  too  copious  for  immediate  vegeUitkiii»  aad# 
overplus  would  he  destructive.  Ift  it  uot  plcaasnt  loam' 
template  this  adjustment  of  the  great  operatknfi  of  "--'^ 
60  different  from  each  other,  lltat  if  chance  alom 
the  detail,  it  was  almost  an  infinite  odds  that  the 
would  be  uninhabitable  ? 

But  let  us  follow  tlie  waters  in  their  operstiocUf  «ad 
the  face  of  the  countries  through  which  they  flow: 
ing  to  tlie  breadth,  the  depth,  and  the  slope  of  the 
we  shall  be  convinced  that  their  present  utuatioo 
trcmely  different  from  what  it  was  in  ancient  dar»;  i 
that  the  valleys  themselves  are  the  works  of  the  rivers, 
at  least  of  waters  which  have  descended  from  the 
loaded  witli  all  the  lighter  matters  which  they  were 
bring'oway  with  tliem.     The  rivers  ilow  now  in  bods' 
have  a  considerable  permanency ;  but  this  has  been  the 
of  ages.     This  has  given  stability,  both  by  filling  upl 
smoothing  the  valleys^  and  thus  lessening  the 
causes,  and  also  by  hardening  the  beds  themselves,  wUi 
are  now  covered  with  aquatic  plants,  and  lined 
stones,  gravel,  and  coarser  sand,  out  of  whirh  all  the 
er  matters  have  been  washed  away. 

The  surface  of  the  high  grounds  is  undcr^going  a  crt^ 
tinual  change;  and  the  ground  on  which  wc  now 
by  no  means  the  some  which  was  trodden  by  our 
oestors.  The  showers  from  heaven  carry  down  into  (fcr 
valleys,  or  sweep  along  by  the  torrents,  a  part  of 
which  covers  the  heights  and  steeps.  The  torrents 
this  soil  into  the  brooks,  and  these  deliver  part  ot  k' 
the  great  rivers,  and  these  discharge  into  the  aca  (hti  fir- 
lilieing  fat  of  the  earth,  where  it  is  swallowed  up^ 
ever  lost  for  the  purposes  of  vegetation.  Thus  the 
lose  of  their  height,  the  v&lleys  are  6Ued  up,  and  the  mmflw 
tains  are  laid  bare,  and  show  their  naked  predpiucs,  wW 
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eriy  were  covered  over  with  a  flesh  and  skin,  but  now 
k  like  the  skeleton  of  this  globe.  The  low  countries, 
•d  and  nourished  for  some  time  by  the  substance  of  tlie 
lands,  will  go  in  their  turn  to  be  buried  in  the  ocean ; 
eTi  the  earth,  reduced  to  a  dreary  flat,  will  become 
amen&e  uninhabitable  mass.  This  catastrophe  is  far 
ant,  because  this  globe  is  in  its  youth,  but  it  is  not  the 
certain;  and  the  united  labours  of  the  human  race  could 
Jong  protract  the  terra. 
t,  in  the  mean  time,  we  can  trace  a  beneficent  pur- 
and  a  nice  adjustment  of  seemingly  remote  circum- 
Thc  grounds  near  the  sources  of  all  our  rivers 
ecd  gradually  stripped  of  their  most  fertile  ingro- 
But  had  they  retained  thcui  lor  ages,  the  sendenl 
Is  of  the  earth,  or  at  least  the  nobler  animals,  with 
ftt  their  head,  would  rot  have  derived  much  ndvon- 
'rom  it.  The  general  laws  of  nature  produce  changes 
i  our  atmosphere  which  must  ever  render  these  great  elc- 
otions  unfruitful.  That  genial  warmth,  which  is  equally 
coessary  for  the  useful  plant  as  for  the  animal  which  Uvcs 
"I,  is  confined  to  the  lower  grounds.  The  earth,  which 
top  of  mount  Hsmus  could  only  bring  forth  moss 
tliltany,  when  brouglit  into  the  gardens  of  Spalalro, 
uced  pot-herbs  so  luxuriant,  that  Dioclesian  told  his 
eMaximian  that  he  had  more  pleasure  in  their  cuU 
n  than  the  Roman  empire  could  confer.  Thus  na- 
only  provides  us  manure,  but  conveys  it  to  our 
She  even  keeps  it  safe  in  store  for  us  till  it  shall  be 
The  tracts  of  country  which  are  but  newly  in- 
itd  by  man,  such  as  great  part  of  America,  and  the 
ly-discovcred  regions  of  Terra  Australis,  are  still  al- 
tioet  occupied  by  marshes  and  Likes,  or  covered  witli  im- 
Krnetrable  forests ;  and  they  would  remain  long  enough  in 
lUstate^  if  population,  continually  increasing,  did  not  in- 
:v«se  industry,  and  multiply  the  hands  uf  cultivators  along 
ijji  their  nccessitictt.     Tlie  Author  oi'  Nature  was  alone 
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able  to  fonii  (he  hiigc  ridges  of  die  mountaixis.,  lowtii 
the  liiilocks  and  tlie  volleys^  tu  mark  out  the  counci  of  ^ 
great  rivers,  and  give  the  first  trace  to  ereiy  ri%'ulet;  \M 
has  letl  to  man  Uic  task  of  draming  his  own  halntation  mi 
the  fields  which  are  to  support  hiniy  because  t\m  ia« 
not  beyond  his  (wwers.  It  was  therefore  of  iixmii 
vantage  to  him  that  those  parts  of  the  globe  into  whoAii 
has  not  yet  penetrated  slioidd  remain  covered  with  Ult^ 
marshes,  and  forests,  which  keep  in  store  the  juice  of^ 
earth,  which  the  influence  of  the  air,  and  tiie 
warmth  of  tlie  sua  would  have  expended  long  cri!  ooill 
useless  vegetation,  and  which  the  rains  of  heaven 
have  swept  into  the  sea,  had  they  not  been  thus 
by  their  situation  or  their  cover.  It  is  therefore  t}K  bf- 
ness  of  man  to  open  up  these  mines  of  hoarded 
to  timnk  the  Author  of  uU  Good,  who  Itos  thus  hi 
them  for  his  use,  and  left  them  as  a  riglitful  hi 
those  of  after  days. 

The  earth  had  not  in  Uie  remote  ages,  «s  an 
those  great  canals,  those  capacious  voiders,  always 
drain  off  the  rain  waters  (of  which  only  pari  is  absubal 
by  the  thirsty  ground),  and  the  pure  waters  of  the  epaap 
from  the  foot  of  tlie  hills.  The  rivers  did  not  then  tx^ 
or  were  only  turrcnts>  whose  waters,  confined  by  llie  gaShp 
and  gleua,  are  searching  for  a  place  to  cscafie.  Hdiff 
arise  those  numerous  lakes  in  the  interior  ot 

nentsy  of  which  there  are  still  remarkable  rt...^ — 

America,  which  in  process  of  time  will  disappear,  andk- 
come  champaign  countries.     The  most  remote  fr 
Bco,  unable  to  contain  its  waters,  finds  nn  i^sue 
some  gorge  of  tlie  bills,  and  pours  over  its  ^uno 
waters  into  a  lower  bosint  ^'hicb,  in  its  turD> 
contents  into  another,  and  the  last  of  the  cli.i 
waters  by  a  rivur  into  the  ocean.     Tlic  conitii  < 
originally  begun  by  a  simple  overflowing  at  il< 
of  the  margin.     This  made  a  torrent,  whicli  qukkly  d«<J>* 
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iU  bed;  and  this  circumstance  increa^fig  it^  velcxnty, 
hcve  seen,  wcnild  extend  this  deepening  backward  to 
lake>  and  draw  off  more  of  its  waters.  The  work 
go  on  rapidly  at  first,  while  earth  and  small  stones 
iTOsted  the  lalionrs  of  nature ;  but  these  being  washed 
Bwoy,  and  the  channel  hollowed  out  to  tlie  firm  rock  on  all 
HdM,  the  operation  must  go  on  very  slowly,  till  the  im- 
BCnse  cadcado  shall  undermine  what  it  cannot  break  off, 
MrI  then  a  new  discharo^e  will  commence,  and  a  quantity  of 
ground  will  emerge  all  round  the  lake.  The  torrent, 
mean  time,  makes  its  way  down  the  country,  and 
a  canal,  which  may  be  called  the  first  sketch  of  a  river, 
will  deei^cn  and  widen  its  bed  continually.  The 
of  several  bas'ms  united,  and  running  together  in  a 
lv-»dv,  will  (according  To  the  principles  we  have  esta- 
wi)  have  a  much  greater  velocity,  with  the  same  slope, 
than  those  of  the  lakes  in  the  interior  parts  of  the  conti- 
Dmt;  and  the  sum  of  tht?m  all  united  in  the  basin  next 
tlir  sea,  al^er  having  broken  through  ita  natural  mound, 
■rill  make  a  prodip^ioux  torrent,  which  will  dig  for  itself  a 
ted  do  much  the  dec^ier  as  it  has  more  slope  and  a  greater 
o#  waters, 
formation  of  tlie  first  valleys,  by  cutting  open  many 
,  which  were  formerly  concealct!  under  ground,  will 
the  mass  of  running  waters,  and  contribute  to  drun' 
e  waters  of  these  basins.  In  course  of  time  many  of 
tbeu  will  disappear,  and  flat  valleys  among  the  mountiiins 
and  lulls  arc  the  traces  of  their  former  existence- 

Whtn  nature  thus  traces  out  the  courses  of  future  rivers, 
it  u  to  be  expected  dial  those  streams  will  most  deepen 

K  channels  which  in  their  approach  to  the  sea  receive 
ibcir  bed  the  greatest  quantities  of  rain  and  spring  wa- 
aad  that  towards  the  middle  of  the  continent  they 
HfUl  ileepcn  llieir  channels  less.  In  these  last  situations  the 
natural  idope  of  the  fields  causes  the  r^n  water,  rills,  and 
ibe  little  rivulets  from  the  springs,  to  seek  their  way  to  the 
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nvcFA.     The  ground  can  sink  only  by  ibe  fltiietlbig  of  \lir 
lulls  Olid  high  grouuds;  and  tlus  must  proceed  with  <v 
treme  slowness,  because  it  is  oulj  the  geutie,  ihou^  t 
ftant  work  of  the  rains  and  springs.     Bu^     '        >^c 
creasing  in  bulk  and  slreogthi  and  of  neoe>     ^        '<a§ 
e\  cry  tiling,  form  to  themselves  capadoua  beds  in  a  wmt 
yielding  soil,  and  dig  them  even  to  the  Ic\         ' 

The  beds  of  rivers  by  no  means  form  tUvi..>v..i.i .; — 
inclined  plane.  If  we  should  suppose  a  canal  AB  (Tif 
13.)  perfectly  straight  and  horizontal  at  B,  i^bcn 
with  ihe  sea,  this  canal  would  really  bo  an  inclined  <  !i  i ; 
of  greater  and  greater  sltjj>e  as  it  is  lajiiier  from  U.  O*-' 
is  evident;  because  gravity  is  dircctod  towards  Ihc  COMl 
of  the  earth,  and  tlie  angle  CAB  containeil  be(wc«A  tW 
ehannel  and  die  plumb-line  at  A  is  smaller  than  the  siaiHr 
angle  CBD ;  and  consequently  the  inclination  to  tlw  baW 
zon  is  greater  in  A  tlian  in  D.  Such  a  gbdaI,  lhc(d<il% 
would  make  tlie  bed  of  a  river;  and  R't       '  '^ 

lliat  this  was  Uie  real  form  of  nature^s  wti  , .  j^ 

position  is  a  whim,  and  it  is  fal^e.     No  nver  I  -:  ll' 

all  approacliing  to  tliis.  It  would  be  8  Inches  dediniy  i* 
the  mile  next  the  ocean,  24'  inches  in  the  second  mile,  40 
inches  in  the  third,  and  so  on  in  the  duphcato  ratio  {(at 
the  whole  elevation)  of  the  distances  from  Uic  aetu  te^ 
a  nver  would  quickly  tear  up  its  bed  in  tbe  mounUOBk 
(were  there  any  gi'ounds  high  enough  to  receive  it),  aal 
except  its  first  cascade,  would  soon  acquire  a  more  gcot^ 
slope.     But  the  fact  is,  and  it  is  tlie  result  of  Uic  impccy 

flcriptible  laws  of  nature,  that  the  continn    * '     fj 

nver  is  a  succession  of  inclined  channeU,  ^     >  ^      .<au* 

nislies  by  stepei  as  the  river  approaches  to  the  Mft.  ll.|i 
not  enough  to  say  that  this  results  from  the  natural 
of  the  countries  through  which  it  Hows,  which  we 
to  increase  in  declivity  as  we  go  to  the  interior  parta  nf  ill* 
continent.  Were  it  otlierwise,  the  equilibrium  (o  wbidi 
nature  aims  in  all  her  operations  would  stiU  prpdnor 
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diminution  of  the  slope  of  rivers.    Without  k  they 
could  not  be  in  a  permanent  train. 

That  we  may  more  easily  form  a  notion  of  the  manner 
in  which  the  permanent  course  of  a  river  u  established,  lei 
UB  suppose  a  stream  or  rivulet  sa  (Fig.  14-.)  far  up  the 
conniry,  make  its  way  through  a  soil  perfectly  uniform  to 
thtt  sefl,  taking  the  coarse  s  a  b  c  d  cjl  and  receiving  llic 
permanent  additions  of  the  streams  gOj  hb,  ic^  kd,  le^ 
and  that  its  velocity  and  slope  in  all  its  parts  are  so  suited 
to  the  tenacity  of  the  soil  and  magnitude  of  its  section,  dial 
netiher  do  its  waters  during  the  annual  freshes  (ear  up  its 
bulks  or  deepen  its  bed,  nor  do  they  bring  dovm  from  the 
high  lands  materials  which  they  deposits  in  the  channel  in 
Cmet  of  smaller  velocity.  Such  a  river  may  be  said  to  be 
io  a  pcrtnancnt  state,  to  be  in  conservation,  or  to  have  sta^ 
hiiUjf,  Let  us  call  this  state  of  a  river  its  regimes,  denot- 
ing by  the  word  the  proper  adjustment  of  the  velocity  of 
the  stream  lo  the  tenacity  of  the  channel.  The  velocity  of 
ttB  regimen  must  be  the  same  throughout,  because  it  is  this 
which  regulates  its  action  on  the  bottom,  which  is  the  some 
from  its  head  to  the  sea.  That  its  bed  may  have  stability, 
the  mean  velocity  of  the  current  must  be  constant,  not- 
withstanding the  inequahty  of  discharge  through  its  differ- 
ent sections  by  the  brooks  which  it  receives  in  its  course^ 
and  notwithstanding  the  augmentation  of  its  section  as  it 
Approaches  the  sea. 

On  the  other  hand,  it  behoved  tliis  exact  regimen  to 
at  the  mouth  of  the  river,  by  the  working  of  the 
Ic  body  of  the  river,  in  concert  with  the  waters  of  the 
ocean,  which  always  keep  within  the  same  limits,  and  make 
ihe  ultimate  level  invariable.  This  working  will  begin  to 
dig  the  bed,  giving  it  as  little  breadth  as  possible:  for  this 
working  consl&ta  chiefly  in  the  efforts  of  falls  and  rapid 
streams,  which  arise  of  tliemselves  in  every  channel  which 
has  too  much  slope.  The  bottom  deepens,  and  the  sides 
remain  very  steep,  till  they  are  undermined  and  crumble 
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doirn ;  and  being  then  diluted  in  the  miter,  they 
ricd  down  the  stream^  and  deponled  where  the  ocm 
checks  itfl  speed*  The  bonks  ennoble  dowa  anew,  the  ni 
ley  or  hallow  (brms;  but  the  «eotkm>  always  ooaiiwdaB 
its  bnttom,  cannot  acquire  a  grcmt  breadth,  and  it  MM 
a  );ood  deal  of  the  form  of  the  trapezium  fomiefiy  nMrii» 
^cd.  In  this  DiAnncr  does  the  regimen  begin  to  be  cai* 
lished  fromyto  e. 

With  respect  to  the  next  port  dr,  the  tfiaclmrge  or  p» 
duce  is  dimini^ied  by  the  want  of  the  brook  /«•  It  wM 
take  a  similar  form,  but  its  area  will  be  dimioblMd,  iofir 
'der  that  its  velocity  may  be  the  same ;  and  ita  mean  diflk 
id  being  less  than  in  the  portion  r/* below,  tbe  «lopf  inua 
Ibc  greater.  Without  these  conditions  we  fsoukl  i 
^tlic  uniform  velocity,  which  the  assumed  pemiaDct>rv  ai  ^ 
[uoifbrm  soil  necessarily  supjxises.  Roaeoiusig  alter  iftr 
manner  for  ail  tlie  portionsr  d!.  6r,  afr,  #0,  «f  ■> 
^liint  tlie  regimen  will  be  successively  estaUishL*tl  in  theB, 
^■nd  that  tlie  slope  necessary  for  this  purpose  will  be  giMlu 
we  approach  the  river  head*  The  vertical  9ttUm0 
[profile  of  the  course  of  the  river  sabcd  ef  will  ihcralbn 
Itesemble  the  line  SABCDEF  whicfi  is  sketched  below^lifr- 
log  its  diiferent  parts  variously  inclined  to  tlie  fioriaotti 
iline  HF. 

Such  is  the  process  of  nature  to  be  abaerrad  in  eiviy 
Itiver  on  the  surface  of  the  globe.  It  long  appeared  a  kini 
iof  puzzle  to  the  tlieorists  ;  and  it  was  this  u(>Ht'^rTat]eo  (tf 
|tlie  increasing,  or  at  least  this  continued  vrlodtv  witk  flntt- 
ler  slope,  as  the  rivers  increased  1^  '  ''  a  ot^iKcirCri* 
butary  streams,  which  causetl  Gu^^  lavc  recoufw 

to  his  new  principle,  the  energy  of  deep  water*.  We  Ibtb 
ilkow  seen  in  what  this  energy  oonaistK^  It  is  only  a  gnatcr 
quaotitj  of  motion  remaining  in  the  middle  of  1 
[ttream  of  water  after  a  quantity  has  been  retarded 

and  bottom ;  and  we  see  clearly,  that  since  the  atii- 
tion  of  a  new  and  perhaps  an  equal  stream  d<KA  no4  oeeo- 
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kr  a  bed  of  double  surface,  the  proportion  of  the  retarda- 
Ibns  to  the  remaining  inotioD  must  continually  diminiAh 
as  a  river  increases  by  the  addition  of  new  streams.  If 
thmdbre  ibe  slope  were  not  diminished,  the  regimen  would 
be  destroyed,  aod  Uie  river  would  dig  up  its  channcL  Wo 
Iwve  a  full  oontimmtion  of  tiiis  in  the  many  works  which 
have  be«n  executed  on  the  Po^  which  runs  with  rapidity 
through  A  rich  aiid  yielding  soil.  About  the  year  1600, 
the  waters  of  tlic  Fanoro,  a  very  oonsriderable  river,  vrcre 
to  tkm  Fo  Grande;  and  altliough  it  brings  along 
it  in  its  fredies  a  vast  quantity  of  &and  and  mud,  it 
has  greatly  deepened  the  whole  Trorico  tli  Venezia  from 
the  coiiiJuencfi  to  the  sea.  This  point  was  clearly  ascertaitv- 
«d  by  Manfredi  about  the  year  172*),  when  the  inhabitantfl 
of  the  valleys  adjacent  were  alarmed  by  Uie  project  of 
bringing  in  the  waters  of  the  Rheno,  which  then  ran 
llvoagh  the  Fcrrarese.  Their  fears  were  overcome,  and 
the  Po  Grande  continues  to  deepen  its  channel  every  day 
with  a  prodigious  advantage  to  ilie  navigations ;  and  there 
arc  several  extensive  mariUics  which  iiow  drain  off  by  it, 
Jiaving  been  for  ages  under  water :  and  it  is  to  be 
r-tmy  remarked,  that  the  llheno  is  the  foulest  Prver 
in  ios  of  any  in  that  country.     We  insert  this  re^ 

mark,  because  it  may  be  of  great  practical  utility,  as  point- 
ing out  a  method  of  preserving  and  even  impro\'ing  the 
depth  of  rivers  or  drains  in  flat  countries,  which  is  not  oh- 
vious,  and  rather  appears  improper  :  biit  it  is  strictly  oon- 
formable  to  a  true  tlieory,  and  to  the  operations  of  nature, 
whidi  ne\'er  fails  to  adjust  every  thing  so  as  to  bring  n\xnii 
an  equilibrium.  Whatever  the  dechvity  of  the  country 
may  have  been  originally,  the  regimen  begins  to  be  settled 
at  the  mouths  of  the  rivers,  and  the  slopes  are  diminished 
in  succes&ion  as  we  recede  from  the  coast.  The  original 
slopes  inland  may  have  been  much  greater;  but  they  will 
(when  busy  nature  has  completed  her  work)  be  left  some- 
hBri>at9  and  only  so  much  greater,  that  the  velodty  may  be 
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Uie  same  notwithstanding  the  diminution  of  the 
mean  deptli. 

Freshes  will  disturb  this  roetliodical  progivtt  rel«live 
only  to  tJie  siux^es&ive  permanent  additions ;  b*T»  •^-^'-  ^ 
iects  diieily  accelerate  Uic  deepening  uf  the  b<.  tttf 

diminution  of  the  slope,  by  augmenting  the  relocitj  dann; 
tiieir  continviance.  But  when  die  regimen  of  tb&  pefin^ 
ncnt  additions  is  once  established,  the  freshes  tcml  dnciy 
to  widen  the  bed>  without  grcady  deepening  it :  for  thi 
acquatic  plants,  which  have  been  growing  and  thiiviflg 
during  the  peaceable  state  of  the  river,  on  now  Laid  aloi^ 
but  not  swept  away,  by  The  freshes,  and  protect  the  bol- 
tom  from  their  attacks;  and  the  stones  and  gmvcl,  wfaicii 
must  have  been  left  bare  in  a  courAe  of  years, 
tiie  soily  wdl  also  collect  in  the  bottom*  imd  gnmxlj 
mcnt  its  power  uf  resistance;  and  even  if  the  floods  sfapoU 
have  deepened  the  bottom  some  small  matter,  aome  nud 
will  be  deposited  as  the  velocity  of  tlic  frcflbcs  dixmoiiAwc* 
and  this  will  remain  till  die  next  Hood. 

We  liave  supposed  the  sod  imiform  through  tlic  whole 
course :  this  seldom  happens;  therefore  tJie  rimimftaitflir 
which  ensure  permanency,  or  the  regimen  of  a  m>er,  la^ 
be  very  dlHcrcnt  in  ita  different  partSy  and  in  dificmt 
Dvera.  We  may  say  in  general,  that  the  farther  that  ife 
regimen  has  advanced  up  tlie  stream  in  any  rirer,  the  man 
slowly  will  it  convey  its  waters  to  tlie  sea- 
There  are  some  general  circumstances  in  the  molioa  rf 
rivers  which  it  will  be  proper  to  take  notice  of  just  nov, 
that  they  may  not  interrupt  our  more  minute  examinatiaii 
of  Ufceir  mechanism,  and  dielr  explanations  will  tJiea  ooctf 
of  themselves  as  corollaries  of  the  propobitions  which  wo 
sliall  endeavour  to  demonstrate. 

In  a  valley  of  small  width  die  nver  always  oocupief  th« 
lowest  part  of  ii ;  and  it  is  observed,  that  this  is  ttldocn  in 
the  middle  of  tlie  valley,  and  is  nearest  to  tiiat  side  m 
which  the  slope  from  tlie  higher  grounds  b  steeped  and 
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lis  without  regard  tj>  tlic  line  of  its  course.  The  river 
*ridiy  adtieres  to  the  steepest  hills,  whcdier  Uiey  ad- 
TAnoe  into  die  {>laia  or  retire  from  it.  This  geoeral  feature 
may  be  observed  over  the  whole  globe.  It  is  divided  into 
copartinents  by  great  ranges  of  mountains ;  nnd  it  may  be 
observed,  tliat  die  great  rivers  hold  their  course  not  very 
far  i'wui  diem,  and  that  their  cliit^f  feeders  come  from  the 
other  side.  In  every  copartment  there  is  a  swell  of  the 
low  country  at  a  distance  from  iJie  bounding  ridge  of  moun- 
tains; and  on  the  summit  of  this  swell  the  principal  feeders 
of  the  great  river  have  their  sources. 

The  name  vaMty  is  given  with  less  propriety  to  these  im- 
OMBM  regions,  and  is  more  applicable  to  tracks  of  cham- 
paign land  whicli  tlie  eye  can  take  in  at  one  view.  Even 
here  we  may  observe  a  resemblance.  It  is  not  always  in 
djc  very  lowest  part  of  dus  valley  that  the  river  has  its  bed ; 
although  the  waters  of  the  river  How  in  a  channel  below  xXa 
immediate  banks,  these  banks  are  frequently  higher  than 
the  grounds  at  the  foot  of  the  hills.  This  is  very  distinct. 
ly  seen  in  Lower  Egypt,  by  means  of  the  canals  which  are 
earned  backward  from  the  Nile  for  accelerating  its  fertiliiu 
ing  inundations.  When  the  calishes  are  opened  to  admit 
the  waters,  it  is  always  observed  that  tlje  districts  most  re- 
mote are  the  first  covered,  and  it  is  se\'eral  days  before  die 
ioniiediately  adjoining  fields  partake  of  the  blessing.  This 
is  a  consequence  of  Uiat  general  operation  of  nature  by 
which  the  valleys  are  formed.  The  river  in  its  floods  is 
loaded  with  mud*  which  it  retains  as  long  as  it  rolls  rapidly 

ing  its  limited  bed»  tumbling  its  waters  over  and  over» 

taking  up  in  every  spot  as  much  as  it  deposites :  but  as 

as  it  overflows  its  banks,  the  very  enlargement  of  its 

>n  diminishes  the  velocity  of  the  water  ;  and  it  may  be 

irvcd  still  runmng  in  the  track  of  its  bed  with  great  ve- 

ity,  while  the  waters  on  each  side  are  stagnant  at  a  very 
mall  distance :  Uierefore  the  water,  on  getting  over  the 
banks,  must  deposite  the  heaviest,  tlie  firmest,  and  even  tlie 
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greatesi  port  of  its  bitrden,  and  must  beoome 
clearer  as  it  Approaches  the  hills.  Thus  a  gemle  alope  « 
given  as  the  valley  in  a  direction  which  i«  the  reverw  d 
what  one  would  expect.  It  is,  however,  almost  alwan  iW 
case  in  wide  valleys^  especially  if  the  great 
through  a  soil  country.  The  bttake  of  the  brookei 
ditclicK  arc  observed  to  be  deeper  as  they  approatb 
river,  and  llie  merely  superticial  drains  run  backi 
from  it 

We  have  already  oliscrvod,  Uiot  the  enlargcinent 
bed  o(  a  river,  in  its  approach  to  the  sea,  is  not  in 
tion  to  tlie  increase  of  its  waters.  This  would  be  the 
even  if  the  velocity  continued  the  same:  mid  thcrdan^ 
flince  the  velocity  even  incrcAsef^  in  contcquenoe  of  di 
greater  energy  of  a  large  body  of  water,  which  we  now  m- 
dersuind  distinctly,  a  still  smaller  bed  \s  suiTicient  for  a»- 
veying  all  tlie  water  to  the  sea. 

This  general  law  \a  broken  '  -   inimiiltaU' 

neighbourhood  of  the  sea ;  bcL..^  .  -.L...;ioo  l^»<T^ 

locity  of  the  water  is  checked  by  Uie  passing  ftoodi^drv  nl 
the  ocean.     As  llie  whole  waters  must  st'dl  be  K 

they  require  a  larger  bod,  and  the  enlargement  wm  be 
chiefly  in  width.  The  sand  and  mud  are  deposited  wh« 
the  motion  is  retarded.  The  depth  of  the  mouth  of  the 
channel  is  therefore  diminished.     It  must  il  }^eennt 

wider.  If  this  be  done  on  a  coast  exposed  u.  ...^  iorcei^ 
a  regular  tide,  which  carries  the  waters  of  the  ocean  ocioil 
the  mouth  uf  the  river,  this  regular  enlargcBscnt 
moutli  will  be  the  only  consequence,  and  it  wilJ  gci 
widen  till  it  washes  tlic  foot  of  the  odjoinmg  hills;  but  if 
there  be  no  tide  in  the  sea,  or  a  tide  which  does  not  id 
across  the  mouth  of  the  rtvt'r,  the  sands  mi.  i*osit^ 

at  the  sides  of  the  opening,  and  become  ii4i4...i.,...,  to  tjit 
shore,  lengthening  the  mouUi  of  Use  channel.    In  this 
tered  situation,  every  trivial  circumstaoce  vrill  cauac 
river  to  vork  more  on  particular  ports  of  the  bottom, 
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( channd  there.  Thia  keeps  the  mud  suspended 
^  arts  of  the  channel,  and  it  is  not  dcp^tiited  till 
atreani  has  shot  farther  out  into  the  sea.  It  is  deposit* 
Ml  the  sides  of  those  deeper  parts  of  the  channeJ,  and 
increafies  Uic  velocity  in  them,  and  thus  still  further  pro. 
tracts  the  depodtion.  Rivers  so  situated  will  not  only 
lengthen  their  channels,  but  will  divide  them,  and  produce 
iclands  at  their  mouths.  A  bush,  a  tree  torn  up  by  tlic 
MOts  by  a  mountain  torrent,  and  floated  down  the  stream, 
H||  thus  inevitably  produce  an  island ;  and  rivers  in  which 
ffis  is  common  will  be  continually  shifting  their  moutha 
Mississippi  is  a  most  remarkable  instance  of  this.  It 
a  long  course  through  a  rich  soil,  and  disembogues  iu 
into  the  bay  of  Mexico,  in  a  place  where  there  is  no 
tide,  as  may  be  seen  by  comparing  tlie  hours  of 
Lter  in  difFcrcnt  places.  No  river  that  we  know 
down  its  stream  sucli  numbers  of  rooted-up  trees: 
frequently  interrupt  the  navigation,  and  render  it  al- 
ivays  dangerous  in  the  night-time.  This  river  is  so  beset 
vith  flats  and  shifting  sands  at  its  mouth,  that  the  most 
experienced  pilots  arc  pu?,zlcd ;  and  it  has  protruded  its 
chaonel  above  50  miles  in  tlie  short  period  that  we  have 
impwn  it.  The  discharge  of  the  Danube  is  viiry  similar: 
■is  that  of  the  NUe ;  for  it  is  di&cliarged  into  a  still  corner 
of  the  Mediterranean.  It  may  now  be  said  to  have  acquir- 
ed considerable  permanency  ;  but  much  of  this  is  owing  to 
human  industry,  which  strips  it  as  mucii  as  possible  of  its 
■pbudeable  matier.  The  Ganges  too  is  in  a  situation  preUy 
^kilar,  and  exhibits  similar  phenomena.  The  Maro^non 
Bght  be  noticed  as  on  exception  ;  but  it  is  not  an  excep- 
^■1.  It  has  flowed  very  far  in  a  level  bed,  and  its  waters 
COpie  pretty  clear  to  Para ;  but  besides,  there  is  a  strong 
tranverse  tide,  er  rather  current,  at  its  mouth,  setting  to 
south-east  both  during  flood  and  ebb.  The  mouth  of 
Po  ia  perhaps  the  mast  remarkable  of  any  on  the  &ur- 
of  this  globe,  suul  exhibits  appeoroaccs  extremely  sin« 
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gular.     Its  discharge  is  into  a  sequestered   comer  of  Uit 
Adiiatia      Though  there  be  a  more  remarkable  tide  ii 
Ihis  gulf  than  in  anj  part  of  the  Mec&teirjtnean,   it  U  rttfi 
but  trifling,  and  it  eitlier  sets  directly  in  upon  the  moutb  d 
the  river,  or  retires  straight  away  from  it.     The  rircr  hat 
many  mouths,  and  they  shif^  prodigiously.     There  hii 
been  a  general  increase  of  the  land  very  remarkable.    The 
marshes  where  Venice  now  stands  were,  in  the  AuguiUo 
age,  everywhere  penetrable  by  the  6shing-botits,  and  in 
the  5th  century  could  only  bear  a  few  miscrvblc  ItnO; 
now   t}icy  are  covered   with  crowds  of  stately  building 
Ravenna,  situated  on  the  southernmost  moutli  of  the  Po, 
was,  in  the  Augustan  age,  at  the  extremity  of  a  swamp, 
and  the  road  to  it  was  along  the  top  of  an  artificial  raociadf 
made  by  Augustus  at  immense  expense.     It  was,  howerer, 
a  fine  city,  containing  extensive  docks,  arsenals,  and  other 
massy  buildings,  being  the  great  military  port  of  tlie  an- 
pirc,  where  Augustus  laid  up  his  great  ships  of  war.    lo 
the  Gothic  times  it  became  almost  the  capital  of  the  West- 
ern empire,  and  was  the  seat  of  government  and  of  Uixuty. 
It  must,  therefore,  be  supposed  to  have  every  acconunoda- 
dation  of  opidence,  and  we  cannot  doubt  of  its  IhAving 
paved  streets,  wharfs,  &c. ;  so  that  its  wealthy  inhabitaDC5 
were  at  least  walking  dry-footed  from  house  to  houec   Bot 
now  it  is  an  Italian  mile  from   the  sea,  and  surrounded 
with  vineyards  and  cultivated  6elda,  and  is  ar'*--'^*n'*Tw.  \,^ 
every  direction.     All  this  must  have  been  fon 
positions  from  the  Po,  flowing  through  Lombordy  loaded 
with  the  spoils  of  the  Alps,  which  were  here  arrested  by  the 
reeds  and   bulrushes  of  the  marsh.     These  things  are  in 
common  cx)urse ;  but  when  wells  are  dug,  wo  comie  to  Uk 
lavements  of  the  ancient  city,  and  these  pavement*  are  bH 
on  one  exact  level,  and  they  arc  eight  fiet  brlatc  ihc  *wr- 
face  of  the  jfta  at  low  water.     This  cannot  be  ascribed  to 
the  subsiding  of  the  ancient  city.     This  would  be  irrcgu- 
Uu*}  and  greatest  among  the 'heavy  buildings.     The  Uxob 
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Thcodoric  remains,  and  the  pavement  round  it  ifi  on  a 
level  with  all  the  others.  The  lower  story  is  always  full  of 
water ;  so  \&  the  lower  story  of  the  catliedral  to  the  depth 
of  three  feet.  The  ornaments  of  both  tliese  buildings  leave 
no  room  to  doubt  that  they  were  formerly  dry ;  and  such 
a  building  as  the  cathedral  could  not  sink  without  crum- 
bling into  pieces. 

It  is  by  no  means  easy  to  account  for  all  this.  The  de- 
positions of  the  Po  and  other  rivers  must  raise  tlic  ground ; 
and  yet  the  rivers  must  still  flow  over  all.  We  muat  con- 
clude that  the  surface  of  the  Adriatic  is  by  no  means  level, 
and  tlml  it  slopes  like  a  river  from  the  Lagoon  of  Venice 
lo  the  eastward.  lu  all  probability  it  even  slopes  oonsi- 
ibly  outwards  from  tJie  sliore. 
The  last  general  observations  which  we  shall  make  iu 
jbis  plate  is,  tliat  the  surface  of  a  river  b  not  flat,  consider- 
athwart  the  stream,  but  convex  :  this  is  owing  to  its  mo- 
rn. Suppose  a  canal  of  stagnant  water ;  its  surface  would 
be  a  perfect  level.  But  suppose  it  possible  by  any  means  to 
give  the  middle  waters  a  motion  in  the  direction  of  its  lengthy 
they  must  drag  along  with  them  the  waters  immediately 
contiguous.  These  will  move  less  swiftly,  and  will  in  like 
_ttianner  drag  the  waters  without  them ;  and  thus  tlie  water 
the  sides  being  abstracted,  the  depth  must  be  less,  and 
general  surface  must  be  convex  across.  The  fact  in  a 
mning  stream  is  similar  to  this ;  the  side  waters  are  wiih- 
Id  by  the  sides,  and  every  61ament  is  moving  more  slow- 
than  tJie  one  next  it  towards  the  middle  of  the  river,  but 
Iter  than  the  adjoining  filament  on  the  land  side.  This 
le  must  produce  a  convexity  of  surface.  But  besides 
it  is  demonstrable  that  the  pressure  of  a  running 
!Mun  is  diminifihed  by  its  motion,  and  the  diminution  is 
ipurljonal  to  the  height  which  would  produce  ihu  velo- 
with  which  it  is  gliding  past  the  adjoining  filament. 
*b»  ooQvcxity  must  in  oil  cases  be  very  small.   Few  rivera 
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have  tlie  velocity  nearly  equal  to  eight  fiNH  p^  meaad^ 
ihh  requires  a  height  of  one  foot  only. 

Sect.  4- — OJ'iFie  IViridkigs  qfSivcrt. 


KivEBs  arc  scldotn  straight  in  tlieir  courac     Fomml  bf 

the  hand  of  nature,  they  arc  accommod  '      ' chaagt 

of  circumstance.     They  wind  around  wi-i  i.^^j  — .auAfjii 
over,  and  work  their  way  to  citiicr  side  aooording  as  llief» 
flMtance  of  the  opposite  bank  makes  a  straight  Gour«i  taoB 
difficult ;  and  this  seemingly  fortuitous  famblisig dartjifaaia 
Uiem  more  uniformly  over  the  surface  of  a  oountsy,  mi 
imIws  them  everywhere  more  at  hand,  to  reoctvc  the  nnm- 
berless  rills  and  rivulets  which  collect  tlie   waters  of  «■ 
tarings  and  the  superfluities  of  our  ihowors,  anH   lo  rrw^ 
fort  our  habitations  with  the  many  advantages  v. 
vation  and  society  can  derive  from  their  presence,      i 
feeble  beginnings  the  bmallest  inetjuality  of  alopc  or  ixa^ 
nstency  is  enough  to  turn  tliem  aside  and  mak4?  ihnss  raoi- 
ble  tlirough  every  field,  giving  drink  to  our  herds  and  ^ 
tility  to  our  soil.     The  more  we  follow  nature  into  (km 
minutifc  of  her  operations,  the  more  must  wo  admire  dw 
inexhaustible  fertihty  of  her  resources,  and  llie  sbnpliaty 
of  the  means  by  which  she  produces  the  most  ^important 
and  beneficial  etiects.     By  thus  twisting  the  course  of  our 
rivers  into  10,<X)0  sha|>es,  she  keeps  them  long  untidiit  our 
fields,  and  thus  compensates  for  Uie  doclivlty  of  tho  surfiKa; 
which  otherwise  would  tumble  them  with  great  lapidiy 

into  the  ocean,  loaded  with  tlie  best  aoH  -'■  h-'  -'* -' 

Without  this,   the  showers  of  heaven  \s     . 

fiuencc  in  supplying  the  waste  of  incesnant  ^vapor&lioa. 

But  as  things  are,  the  rains  are  kept  slowly 

the  sloping  iidcs  of  our  hiUs  and  stecjw,  v^.k.,..^ 

every  clod,  nay,  every  plant,  which  Icngtljcns  their 

dinunisfaea  tlieir  8lo{)e,  checks  their  s|>cetl>  sukI  ihiu 
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vents  tljem  from  quickly  brushing  off  fivm  every  part  of 
the  surface  Uie  lightest  and  best  of  the  soil.  The  flattest 
of  our  holni  ]ands  would  be  too  steep,  and  the  rivers  would 
shoot  along  through  our  finest  meadows,  hurrying  every 
thing  away  with  tliera,  and  would  be  unfit  for  the  pur- 
poses of  inland  conveyance,  if  the  inei]ualities  of  soil  did  not 
make  them  change  this  headlong  course  for  tlie  more  beau- 
ttfn]  meanders  which  we  observe  in  tiie  course  of  die  small 
rrren  winding  through  our  meadows.  Those  rivers  are  in 
general  the  stroightest  in  their  course  which  are  the  most 
npid,  and  which  roll  along  the  greatest  bodies  of  water ; 
Bocfa  are  liie  Khonc,  the  Fo,  the  Danube.  The  amaller 
rivers  continue  more  devious  in  their  progress,  till  they  ap- 
proach the  sea,  and  have  gathered  strength  from  all  their 
tributjuy  streams. 

Every  thing  aims  at  an  equilibrium,  and  this  directs  even 
the  rambling!)  of  rivers.  It  is  of  importance  to  understand 
the  relation  between  the  force  of  a  river  and  the  resistance 
which  the  soil  op|)Oses  to  those  deviations  from  a  rectilineal 
course;  for  it  may  frequently  happen  that  the  general 
procedure  of  nature  may  be  inconsistent  with  our  local 
purposes.  Man  was  set  down  on  this  globe,  and  the  task 
of  cultivating  it  was  given  him  by  nature,  and  his  chief 
enjoyment  seems  to  be  to  struggle  with  the  elements.  He 
must  not  find  things  to  his  mind,  but  he  must  mould  them 
to  liis  own  fancy.  Yet  even  this  seeming  anomaly  is  one 
of  Bature*s  most  beneficent  laws ;  and  his  exertions  must 
still  be  made  in  confonuity  with  tlie  general  train  of  the 
operations  of  mechanical  nature :  and  when  we  have  any 
work  to  undertake  relative  to  the  course  of  rivers,  we  must 
be  eareful  not  to  thwart  their  general  rules,  otherwise  we 
ftbali  be  sooner  or  later  punished  for  tlieir  infraction. 
Things  will  be  brought  back  to  their  former  state,  if  our 
operatiofis  ore  inconsistent  with  that  equilibrium  which  is 
comitantly  aimed  at,  or  some  new  state  of  things  which  is 
equivalent  will  bo  soon  induced.     If  a  well-regulated  river 
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has  been  improperly  dee]>ened  in  some  place,  to  MMViC 
some  jmrtlcular  purpose  of  our  own,  or  LI*  its  br««dUi  hM 
been  improperly  augmentedi  we  shall  sooa  see  a  depooUCB 
of  tnud  or  sand  choke  up  our  faDcied  improvemeoU;  U> 
cause,  as  wc  have  enlarged  die  section  witliout  iucTLtsOfg 
the  slope  or  the  supply,  the  velocity  must  diminish,  ud 
fioaling  matters  must  be  deposited. 

It  is  true,  we  frequently  see  permanent  chantsela  vhac 
the  forms  are  extremely  different  from  that  which  lh»  wa- 
ters would  dig  for  themselves  in  an  uniform  soil,  ami  wfakk 
approaches  a  good  deal  to  the  trapezium  described  foroMr- 
ly.     Wc  sec  a  greater  breadth  fret]uenily  oompeosale  fipv 
a  want  of  depth  ;  but  all  such  deviations  are  a  sort  d  ob^ 
stra'mt,  or  rather  are  indicaiions  of  inequality  of  soU.    Sudt 
irregular  forms  are  the  works  of  nature  ;  and  if  U>e)*  ov 
permanent,  the  equilibrium  is  obtained.     Commonly  tkt 
bottom  is  harder  than  the  sides,  consisting  of  tlie  ooanol 
of  the  sand  and  of  gravel ;  and  therefore  the  necessary  sec* 
tion  can  be  obtained  only  by  increasing  the  width.     Wc 
are  accustomed  to  attend  chiefly  to  the  appeanutoes  whkb 
prognosticate  mischief,  and  we  interpret  the  appearances  of 
a  permanent  bed  in  llie  same  way,  and  frequently  form 
very  false  judgmenbi.     When  wc  see  one  bank  low  tad 
flat,  and  the  other  high  and  abrupt,  we  supposo  that  llie 
waters  are  passing  along  the  first  in  peace,  and  with  a  gHk' 
tie  stream,  but  tliai  they  are  rapid  on  the  other  side,  nd 
are  tearing  away  the  bank ;  but  it  b  just  tJie  oontrarj. 
The  bed  being  permanent,   things  are  in  equilibrio,  nd 
each  bank  is  of  a  form  just  competent  to  that  cquilibriun^ 
If  the  soil  on  both  sides  be  unitbrm,  the  aiream  is  taoA 
rapid  on  tliat  side  where  the  bank  is  low  and  fiat,  Ibr  m 
no  other  form  would  it  witltatand  the  action  of  ihc  stream ; 
and  it  has  been  worn  away  till  its  (latnc^-  "^ — "  ■-■-:*—   '- 
the  greater  force  of  (he  stream.     The  m 
side  must  be  more  gentle,   otherwise  the  bank  oouki  smi 
remain  abrupt.     In  short,  in  a  state  of  pcrmancocy*  \hc 
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vdocity  of  the  stTeam  and  form  of  the  bank  are  just  suited 
to  each  other.  It  is  quite  otherwise  before  the  river  hu 
acquired  its  proper  regimen. 

A  careful  consideration  therefore  of  the  general  features 
of  nren  which  have  settled  their  regimen,  is  of  use  for  ia- 
formiug  us  concerning  their  inlomal  motions,  and  directing 
us  to  the  most  effectual  methods  of  regulating  their  course. 

We  have  already  said  that  perpendicular  biims  are  in- 
cooftistent  with  stability.  A  semicircular  section  is  the 
form  which  would  produce  the  quickest  train  of  a  river 
vbose  expense  and  slope  are  given ;  but  the  banks  at  B 
D  (Fig.  15.)  would  crumble  in,  and  lie  at  the  bottom, 
their  horizontal  surface  would  secure  them  from 
farti)er  change.  The  bed  will  acquire  the  form  G  c  F,  of 
equal  section,  but  greater  width,  and  with  brims  less  shelv- 
iog.  The  proportion  of  tt)e  velocities  at  A  and  c  may  be 
the  same  with  that  of  the  velocities  at  A  and  C  ;  but  the 
velocity  at  G  and  F  will  be  less  than  it  was  formerly  at  B, 
C,  or  D  i  and  the  velocity  in  any  intermediate  point  E» 
bring  somewhat  between  those  at  F  and  c,  must  be  less 
than  it  was  in  any  intermediate  point  of  the  semicircular 
bed.  The  velocities  will  therefore  decrease  along  the  bor- 
der from  c  towards  G  and  F,  and  the  steepness  of  the  bor- 
der will  augment  at  the  same  time,  till,  in  every  point  of 
the  new  border  G  c  F,  these  two  circumstances  will  be  bo 
adjusted  that  the  necessary  equilibrium  is  established. 

The  same  thing  must  happen  in  our  trapezium.  The 
idope  of  the  brims  may  be  exact,  and  will  be  retained  ;  it 
will,  however,  be  too  great  anywhere  below,  where  llie  ve- 
locity is  greater,  and  the  sides  will  be  worn  away  till  the 
banka  arc  undermined  and  crumble  down,  and  the  river 
%nU  maintain  its  section  by  increasing  its  width.     In  short, 

border  made  up  of  straight  line^  is  consistent  with  that 
alion  of  velocity  whidi  will  take  place  whenever  we  de- 
part from  a  semicircular  form.  And  we  accordingly  see, 
that  in  all  naUiral  channels  the  section  has  a  curvilineal 
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border,  with  the  slope  increasing  gradually  from  ihc  hot 
torn  to  UiL*  brim. 

These  observations  will  enable  ub  to  nnderstuid  ha>f 
nature  operates  when  the  inequality  of  surfkce  or  of  tou* 
city  obliges  the  current  to  change  it£  d^recdoa,  nod  Uk 
river  forras  an  elbow. 

Supposing  always  that  the  discharge  continues  tbccBSCV 
and  that  the  mean  velocity  is  either  preserved  or  veaiand, 
the  following  conditions  are  neceBsary  for  a  permanent  m 
gimen: 

1.  The  deptb  of  water  must  be  greater  in  the  dhow  tlan 
any  where  else. 

S.  The  main  stream,  after  liaving  struck  the  conort 
bank,  must  be  reflected  in  an  equal  angle,  and  tnust  tiMD 
be  in  the  direction  of  the  next  reach  of  the  river. 

S.  The  angle  of  incidence  must  be  proportioned  to  fkr 
tenacity  of  the  soil. 

4.  There  must  be  in  the  elbow  an  increase  of  slope,  or 
of  head  of  water,  capable  of  overcoming  the  reaatanortB* 
casioned  by  tiic  elbow. 

The  reasonableness,  at  least,  of  these  conditions  will  tp 
pear  from  the  following  considerations: 

1.  It  is  certain  that  force  is  expends!  in  proclncing  ino 
change  of  direction  in  a  channel  which,  by  suppositiaa, 
diminishes  the  current.  The  diminution  nrisiug  from  m 
cause  which  can  be  compared  with  friction  must  be  grtaler 
when  the  stream  is  directed  af^ninst  one  of  the  hanLf.  It 
may  be  very  difficult  to  state  the  proportion,  and  it  wouW 
occupy  too  much  of  our  time  to  attempt  it ;  but  it  «  irf- 
cient  that  we  be  convinced  that  the  retaril  '  '  grcaUr 
ih  this  case.     We  see  no  cause  to  increase-  •  jiin  vtJo- 

city  in  the  elbow,   and  we  must  therefore  condude  ihHU 
is  diminished.     But  ive  are  supposing  that  the  dischnfe 

continues  the  same  ;  the  section  must  tbrrr*"*r .^-— » 

or  the  channel  increaae  its    transverse   iK 

only  question  is,   in  what  manner  It  dors  litis  >tid  whil 
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ige  of  fonn  does  it  affect,  and  wbat  form  is  competent 
the  final  cc|uiUbriiun  and  the  consequent  pcnnanency  of 
the  bed  ?  Here  there  is  much  room  for  conjecture.  M. 
Buat  reasons  as  follows  :  If  we  suppose  that  the  points  B 
and  C  (Fig-  16.)  continue  on  a  level,  and  tliat  the  poioU 
H  and  I  at  the  beginning  of  the  next  reach  are  also  on  a 
k^'el,  it  IS  an  inevitable  consequence  that  the  slope  along 
CMI  must  be  greater  than  along  BEH,  l>ecause  the  de- 
pression of  H  below  B  is  equal  to  that  of  I  below  C>  and 
B£U  Is  longer  than  CMI.  Therefore  the  velocity  along 
the  convex  bank  CMI  must  be  greater  than  along  B£H- 
There  may  even  be  a  stagnation  and  an  eddy  in  the  con. 
trary  direction  along  tlic  concave  bank.  Therefore,  if  the 
form  of  the  section  were  the  same  as  up  the  stream,  the 
sides  could  not  stand  on  the  convex  bank.  When  there- 
fore the  section  has  attained  a  permanent  form,  and  the 
banks  are  again  in  cquilibrio  with  the  action  of  the  current^ 
til.  V  bank  must  be  muclj  flatter  than  the  concave. 

It  _  ^ur  is  ready  6till  on  the  concave  bank,  tliai  bwik 
will  be  ab»olutply  perpendicular;  nay,  may  overhang. — 
Accordingly,  this  state  of  tilings  is  matter  of  daily  obser* 
▼ation,  and  justifies  our  reasoning,  and  entitles  us  to  say, 
that  this  is  the  nature  of  the  internal  motion  of  the  filaments 
which  we  cannot  distinctly  observe.  The  water  moves  niost 
rapidly  along  the  convex  bank,  and  the  thread  of  the  stream 
ia  nearest  to  this  side.  Reasoning  in  this  way,  the  section, 
which  we  may  suppose  to  have  been  originally  of  tlie  form 
Jtf  6  a  £,  (Fig.  17.)  assumes  the  shape  MBA£. 

3.  Without  presuming  to  know  the  mechanism  of  the 
internal  motions  of  fluids,  we  know  that  sui>erficial  waves 
are  reflected  precisely  as  if  they  were  elastic  bodies,  making 
tbc  angles  of  incidence  and  reflection  equal.  In  as  far 
therefore  as  tlie  superficial  wave  is  concerned  in  llie  opera- 
tion, 'SL  Buata  M?cond  jiosition  is  just.  The  |>crroanency 
of  the  next  reach  r  ti^a||^||^b  di- 

nxtioii  of  the  line  Li',  \t\uax  mflf^^^^  A-i'  = 
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PEN.  If  Uie  next  reach  has  the  dtrecdon  EQ,  MR,  the 
wave  reflected  in  the  line  £S  will  work  on  thr  bsnk  at  ^ 
and  will  be  reflected  in  the  line  ST,  and  work  again  m  tbt 
dppoate  bank  at  T.  We  know  that  the  effect  of  the  ff^ 
pevfidal  motion  is  great,  and  that  it  is  the  principid  agmt 
ill  destroying  the  banks  of  canal*.  So  &r  therefore  M. 
Buat  is  right.  We  cannot  say  wiili  any  precision  or  o» 
fidence  how  the  actions  of  the  under  filaments  are  modified; 
but  we  know  no  reason  for  not  extending  to  the  under  &^ 
roents  what  appears  so  probable  with  respect  to  tlie  tvsfttt 
water. 

8.  The  third  position  is  no  less  evident.  We  do  art 
know  the  mode  of  action  of  the  water  on  the  bank ;  bsl 
our  general  notions  on  this  subject,  confirmed  by  cODi 
expenence,  tell  us  that  the  more  obliquely  a  stream  of 
beats  on  any  bank,  the  less  it  tends  to  undennioe  it  cr 
wash  it  away.  A  stiff  and  cohesive  soil  therefore  will  «C 
fer  no  more  from  being  almost  perpendicularly  buffeted  hj 
a  stream  than  a  friable  sand  would  suffer  from  water  gBd* 
ing  along  its  face.  M.  Buat  thinks,  from  experience,  llw* 
a  clay  bank  is  not  sensibly  affected  till  the  angle  FEB  ll 
about  36  degrees. 

4.  Since  there  are  causes  of  retardation^  and  wc  still  »up» 
pose  that  the  discharge  is  kept  up,  and  that  the  mean  v^ 
locity,  which  had  been  dim'mished  by  the  enlai^gement  of 
the  section,  is  again  restored,  we  must  grant  that  tltcre  if 
provided,  in  the  mechanism  of  these  motions,  an  acoeloiA- 
ing  force  adequate  to  this  effect.  There  can  be  no  aoceks 
rabng  force  in  an  open  stream  but  the  supetiicnal  skvpc 
In  the  present  case  it  is  undoubtedly  so;  because  by  the 
deepening  of  the  bottom  where  there  is  an  dbow  in  A* 
atream,  we  have  of  necessity  a  counter  slope.  Now,  aO  this 
heed  of  water,  which  must  produce  the  augrv^'^v-^i  t^ 
velocity  in  that  part  of  the  stream  which  rangL  (Iw 

convex  bank,  will  arise  from  the  check  which  the  wn 
fipom  the  concave  bank.     This  occaaious  a  gorge  or  9«cji 
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the  stream,  enlarges  a  little  the  section  at  BVC ;  and 
this,  by  the  principal  of  unifonn  motion,  will  augment  ail 
the  velocities,  deepen  the  channel,  and  put  every  tfa'mg 
again  into  its  train  as  soon  as  tlie  water  gets  into  the  next 
reach.  The  water  at  the  bottom  of  this  basin  has  very 
linJe  motion,  but  it  defends  the  bottom  by  this  very  cir- 
cumstance. 

Such  are  the  notions  which  M.  de  Buat  entertains  of  this 
part  of  the  mechanism  of  running  waters.  SVe  cannot  say 
thai  they  are  very  satisfactory,  and  they  are  very  opposite 
to  the  opinions  commonly  ontertAined  on  the  subject.  Most 
persons  think  that  the  motion  is  most  rapid  and  turbulent 
on  the  side  of  the  concave  bank,  and  that  it  is  owing  to 
this  that  the  bank  is  worn  away  till  it  become  perpendicu- 
lar, nnd  that  the  opposite  bank  is  flat,  because  it  has  not 
been  gnawed  away  in  this  manner.  Witti  respect  to  this 
general  view  of  the  matter,  these  persons  may  be  in  the 
right ;  and  when  a  stream  is  turned  into  a  crooked  and 
yielding  channel  for  the  first  time,  this  is  its  manner  of 
action.  But  M.  Bust's  aim  is  to  investigate  the  circunt'- 
Btances  which  obtain  in  the  cose  of  a  regimen  ;  and  in  this 
view  he  is  undoubtedly  right  as  to  the  facts,  though  his 
mcMle  of  accounting  for  these  facts  may  Ijc  erroneous.  And 
as  this  is  the  only  useful  view  to  be  taken  of  the  subject, 
it  ought  chiefly  to  be  attended  to  in  all  our  attempts  to 
procure  stability  to  the  bed  o(  a  river,  without  the  expen- 
sive helps  of  masonry,  &;c.  If  we  attempt  to  secure  per- 
manency by  deepening  on  tlie  inside  of  tlie  elbow,  our  bonk 
will  undoubtedly  crumble  down,  diminish  the  passage,  and 
occasion  a  more  violent  action  on  the  hollow  bank.  The 
most  effectual  mean  of  security  is  to  enlarge  the  section ; 
and  if  we  do  this  on  the  inside  bank,  wc  must  do  it  by 
widening  the  stream  very  much,  *'^:  ■  may  give  u  very 
sloping  bank.     Our  attcntirm   i  ;ilv   llr:l^vn    to  it 

when  the  huUow  bank  view  to 

slfip  the  ravages  of  the  <n  a 
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btate  of  permmiency,  but  nature  la  working  in  ber  own  wiy 
to  bring  it  alx)Ut.  This  may  not  suit  our  purpcMc,  mnl  »t 
oiuet  tbwart  her.  The  phenomena  which  wc  ibeo  observe 
are  fretjuenily  very  unlike  to  those  described  in  '*t-  :^-^^ 
ing  paragraphs.     We  see  a  violeut  tumbling  iii  ii»c 

stream  towards  tlie  hollow  bank.  We  see  an  evident  aocs- 
mulalion  of  water  on  liiaL  side,  and  the  point  B  i«  frequent- 
ly higher  tlian  C.  Thib  regorging  of  Uie  water  extends  to 
some  distance,  and  is  of  itself  a  cause  of  greater  vdaatjt 
and  contributes,  like  a  head  of  stagnant  water,  to  force  thi 
stream  through  the  bend,  and  to  deepen  the  bottom.  This 
is  clearly  the  case  wlien  tJie  velocity  is  excesaivc,  and  tbe 
hollow  bank  able  to  abide  the  a^ock.  In  this  situation  di* 
water  thuu  heaped  up  escapes  where  it  best  can  ;  and  as  tbe 
water,  obstructed  by  an  obstacle  put  in  its  way,  escapes  bjr 
the  sides,  and  iliere  has  its  velocity  increased,  so  hen;  the 
water  gorged  up  against  the  hoIJow  biLnk  swells  trrtr  lo* 
wards  the  op|x]site  side,  and  passes  round  tlie  convex  bcnk 
with  an  increased  velocity.  It  dcpouds  much  on  the  ai* 
justment  between  the  velocity  and  consequent  aocumulaliao, 
and  Uie  breadtli  of  the  stream  and  the  angle  ui'  tlie  ciboVy 
whether  this  augmentation  of  velocity  shall  reach  the  oao* 
vex  bank  ;  and  we  sumetioies  sec  the  motion  very  buiguid 
in  that  place,  and  even  depositicna  of  mud  and  «od  At 
made  there.  The  whole  phenomena  are  tcx>  >  '  'ci 
lobe  accurately  described  in  general  terni&*  c  .  i  .:  ihfl 
case  of  perfect  regimen  ;  for  this  regimen  ij^  relative  to  tfat 
consistence  of  the  channel ;  and  when  this  is  very  gfot* 
tbe  motions  may  be  most  violent  in  every  quarter.  But 
the  preceding  obsenations  are  of  importance^  because  tlwiy 
relate  to  ordinary  cases  and  to  ordinary  channels 

It  is  evident,  from  M.  Buaf&  sectmd  position,   :  i 
proper  form  of  an  elbow  depends  on  the  breadth 
stream  as  well  as  on  the  radius  of  curvature,  and  th^i 
angle  of  elbow  will  require  a  certain  proportion  between  tb« 
width  o(  ihe  river  and  the  radiu»  of  the  sweep.     M.  fiutti 
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gtm  rules  and  formdic  for  all  tliese  purposes,  and  sliows 
time  in  one  sweep  there  may  be  inure  tluin  odc  reflection  or 
rebound.  It  is  needless  to  enlarge  on  this  matter  of  mere 
geometrical  discussion.  It  is  with  tlie  view  of  enabling  the 
engineer  to  trace  tlic  windings  of  a  river  iu  such  a  manner 
thai  there  sliall  be  no  rebounds  wliich  shall  direct  the  stream 
M|g|UQ8t  the  sides,  but  preserve  it  always  in  tlie  axis  of  every 
'teach.  This  i£  of  conseijueuce,  even  when  the  bends  of  ihe 
river  are  to  be  secured  by  masonry  or  piling ;  for  we  have 
Men  the  necessity  of  increaaing  tiie  section,  and  the  tenden- 
cy which  the  waters  have  to  deepen  the  channel  on  that 
side  where  the  rebound  is  made.  This  tends  to  undermine 
our  defences^  and  obliges  us  to  give  them  deeper  aitd  more 
soHd  foundations  In  such  places.  But  any  person  accus- 
tomed to  the  use  of  the  scale  and  compasses  will  form  to 
Imnself  rules  of  practice  equally  sure  and  more  expeditious 
than  AI.  de  Buafs  formu1a\ 

Wc  proceed,  tlicrcforc,  to  what  is  more  to  our  purpose, 
the  consideration  of  the  resistance  caused  by  an  elbow,  and 
the  metliods  of  providing  n  force  capable  of  overcoming  it. 
We  have  already  taken  notice  oPthe  salutary  consequences 
oriung  from  the  rambling  course  of  rivers,  inasmuch  as  it 
nuire  effectually  spreads  them  over  the  face  of  a  country. 
It  IS  no  less  bene£c*uii  by  diminishing  their  velocity.  This 
it  does  both  by  lengthening  their  course,  which  diminishes 
the  declivity,  and  by  the  very  resistance  which  they  meet 
"wilh  at  every  bend.  We  derive  the  chief  advantages  from 
our  rivers,  when  they  no  longer  shoot  their  way  from  pre- 
cipice to  precipice,  loaded  wilh  mud  and  sand,  but  peace- 
ably roll  along  their  clear  waters,  purified  during  their  gent- 
ler course,  and  offer  themselves  for  all  the  purposes  of  pas- 
turage, agriculture,  and  navigation.  The  more  a  river 
winds  its  way  round  the  foot  of  the  hills,  the  more  is  the 
renstance  of  its  bed  multiplied  ;  the  moi*e  obstacles  it  meeto 
with  in  its  way  frv)m  its  source  to  the  8ca«  tlio 
rate  ta  its  velocitv  ;  aud  instead  of 
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meh  of  the  earth,  and  tagging  for  itself  a  deq>  irciugti, 
along  which  it  sweeps  rocks  and  rooted-ap  trees,  it  Son 
with  majestic  pace  even  with  the  surfaoe  of  our  cultirvtiil 
grounds,  which  it  embellisher  and  fertiHses. 

We  may  with  safety  proceed  on  the  snpp""*''^n.  thai  ik 
force  necessary  for  overcoming  the  re«ai;i.  itigffW 

a  rebound  is  as  the  square  of  the  velocity  ;  and  it  i«  ni» 
sonable  to  suppose  it  proportional  to  the  SY|uare  of  the  aw 
of  the  angle  of  incidence,  and  this  for  the  reasons  girea  ft 
adopting  this  tneasure  of  the  general  Rksistasccc  9 
Fldidb.  It  cannot,  however,  claim  a  greater  ouofidoKt 
here  than  in  that  application;  and  it  has  been  ahowaiB 
that  article  with  what  uncertainty  and  limitationa  it  mast  be 
received.  We  leave  it  to  our  readers  to  adopt  either^ 
or  the  simple  ratio  of  the  sines,  and  shall  abide  b/  the  di* 
plicate  ratio  with  M.  Duat,  because  it  appears  by  hba> 
periments  that  this  law  is  very  exactly  observed  in  ftibe»ii 
inclinations  not  exceeding  40'^;  whereas  it  is  in  these  sonU 
angles  that  the  application  to  the  general  rcsistanee  rf 
fluids  is  most  in  fault.  But  the  correction  is  rery  simple; 
if  this  value  shall  be  foun^  erroneous.  There  can  be  Itttlc 
doubt  that  the  force  necessary  for  overcoming  tlie  resistance 
will  increase  as  the  number  of  rebounds. — Thercfiwtw 
may  express  the  resistance,  in  general,  by  the  formuU  r^ 

where  r  is  the  resistance,  V  the  mean  velootj  flf 
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the  stream,  9  the  sine  of  the  angle  of  incidence,  fi  the  mm- 
ber  of  equal  rebounds  (thnt  is,  having  equal  angles  of  ift- 
cidence),  and  m  is  a  number  to  be  determined  by  expcn* 
ment.  M.  de  Buat  made  many  experiments  on  the  rr- 
sistance  occasioned  by  the  bcndings  of  pipes,  none  of  which 
differed  from  the  result  of  the  above  fonmiln  aborc  «f 
part  in  twelve ;  and  he  concludes,  that  the  re»istu)cr  *o 

V*  ** 

one  bend  may  be  estimated  at  n^^.   The  expcrizucot  W 

ia  this  form  :  A  pipe  of  1  mch  diameter,  and  10  feet  U«i|i 
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led  with  10  rebounds  of  SiP  each.  A  head  of 
water  was  appUed  to  lU  vhich  gave  the  water  a  velocity  of 
ox  feel  per  second.  Another  pipe  of  the  same  diameter 
aod  length,  but  without  any  bendings,  was  subjected  to  a 
pressure  of  a  head  of  water,  which  was  increased  till  the 
irdodtj  of  efflux  was  also  six  feet^rr  second.  The  addi- 
tknal  head  of  water  was  5i  o  inches.  Another  of  the  same 
d'tameter  and  lengdi,  having  one  bend  of  544°  84',  and  run- 
ning 85  inches  per  second,  was  compared  with  a  straight 
pipe  having  the  same  velocity,  and  the  difference  of  the 
beads  of  water  was  ^Y^  of  an  inch.  A  computation  from 
dwae  two  experiments  will  give  the  above  result,  or,  in 

English  measure,  r  =  ^^  very  nearly.      It  is  probable 

that  this  measure  of  the  re^stance  is  too  great ;  for  the 
pipe  was  of  uniform  diameter  even  in  the  hends  :  whereas  in 
a  river  properly  formed,  where  the  regimen  is  exact,  the  ca- 
pacity of  the  section  of  the  bend  is  increaseti. 

The  apphcation  of  this  theory  to  inclined  tubes  and  to 
open  streams  is  very  obvious,  and  very  legitimate  and  safe, 
Let  AB  (Fig.  18.)  be  the  whole  height  of  the  reservoir 
AfilK,  and  BC  the  horizontal  length  of  a  pipe,  containing 
number  of  rebounds,  equal  or  unequal,  but  all  regular, 

kt  is,  constructed  according  to  the  conditions  formerly 
mentioned.  The  whole  head  of  water  should  be  conceived 
as  performing,  or  as  divided  into  portions  which  perform, 

V* 

different  ofiices,— One  portion  AD  =  -r-rrs    impels 

the  water  into  the  entry  of  the  pipe  with  the  velocity  with 
whidi  it  really  moves  in  it;  another  portion  EB  is  in  equi- 
Bbno  with  the  resistances  arising  from  the  mere  length  of 
the  pipe  expanded  into  a  straight  line ;  and  the  third  por- 
tion DE  aerves  to  overcome  the  re-  -f  the  bends. 
If,  therefore,  wc  draw  the 
the  pipe  BC  out  of  iu 
with  its  mouth  C  in  U,  ao 
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rater  will  have  the  saiuc  velocity  in  it  that  tt  liad 


i?.— For 


tplicil 


argument,  wc  n 
pose  thai  when  the  pipe  was  insertDd  at  B,  its  beods  all  hf 
in  R  horizonul  plane,  and  tliat  when  ii  i»  in  'die 

plane  in  which  all  its  bends  lie,  filopts  onl^  ...  _:,^  ,,i.^jjM 
DH,  and  is  perpendicular  to  the  plane  of  tlic  fi^re.  W< 
repeat  it,  the  waicr  will  have  llie  same  vclocKy  in  tbi 
pipes  tiC  and  DH,  and  tlie  resistances  will  be  oxcttamek. 
ir  wc  now  prolong  the  pipe  DH  towards  L  to  asj  d» 
tonce,  repeating  continually  the  aonic  bendings  in  a  Ksia 
of  lengths,  each  equal  to  DU,  ihe  motion  will  be  contimuil 
with  ihe  velocity  corresponding  to  the  pressure*  of  ibe 
column  AD  ;  because  the  declivity  oi'  the  pipe  is  augtataA^ 
cd  in  each  length  equal  to  DH,  by  a  qaahtily  jxnatdf 
sufficient  for  overcoming  all  the  resistances  in  that  leoglk; 
and  the  true  slope  in  these  cases  is  BE  4-  ED,  diviJod  bi 
the  expanded  length  of  the  pipe  BC  or  DII 

The  analogy  which  wc  were  enabled  to  cstabiiah  fartwcct 
the  uniform  motion  or  the  train  of  pipes  and  of  apm 
streams,  entitles  u.h  now  to  say,  that  when  a  river  liaabttd- 
ings,  which  are  regularly  repeated  at  equal  interval  itt 
slope  is  compounded  of  tlie  slope  which  is  in  (m 

overcoming  the  resistance  of  a  straight  channel  '^jk 

expanded  length,  agreeably  to  the  formula  ibr  ^  » 

tion,  and  of  the  slope  wluch  is  necessary  for  avcrcooiiog  tbi 
resistance  arising  from  its  bendings  alone. 

Thus,  let  there  be  a  river  which,  in  the  ex|)aodcd  oouiK 

of  GOOO  fathoms,  has  10  elbows,  each  of  which  has  3(f  of 

rebound ;  and  let  its  mean  velocity  be  SO  in*  •^oooiL 

If  we  would  learn  its  whole  slope  iu  thi..  ;^i.,   <  utbaiM, 

we  niust  first  find  (by  the  formula  of  uuifuroi  aioiioiO  ^ 

slope  s  which  will  produce  the  velocity  uf  20  inchea  La  « 

straight  river  of  this  length,  section,  and  mean  deptli.  So^ 

pose  this  to  be  2 ^^01^,  or  20  inches  in  diu  whole  loicth. 

V^Sin^\ 
We  must  then  find  (by  the  formuk  ustuT"  J  *^'*  *'' 
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fbt  overcdmjng  the  resistance  of  10  rebounds  of 
9V  each.  This  wc  shall  find  to  be  6^  inches  in  tlie  6000 
fkthoms.  Therefore  the  river  roust  have  a  alope  of  2GJ 
indies  in  6000  fathoms,  or  tbJoo  »  and  l^^is  ^^"P*^  ^i^^  P"***- 
duce  the  same  velocity  whicli  SO  inches,  or —  jiJSoo>  would 
do  in  a  straight  running  river  of  the  same  length. 


'Pajit  II.— PRACTICAL  INFERENCES. 


Having  thus  establislied  a  theory  of  a  most  important 
f  hydraulics,  which  may  be  confided  in  as  a  just  re- 
presentation of  nature's  procedure,  we  shall  apply  it  to  the 
examination  of  the  chief  results  of  every  thing  which  art 
has  contrived  for  limiting  the  operations  of  natiu-e,  or  mo- 
difying them  so  as  to  suit  our  particular  views.  Trusting 
Co  the  detail  which  we  have  given  of  the  connecting  prin- 
ciples, and  the  chief  circumstances  which  co-operate  in  pro- 
ducing tlie  ostensible  effect ;  and  supposing  that  such  of 
our  readers  as  are  interested  in  this  subject  will  not  think 
h  loo  much  trouble  to  make  tlie  applications  in  the  same 
detail ;  we  shall  content  ourBclvcs  ;vith  merely  pointing 
out  the  steps  of  liie  process,  and  showing  their  foundation 
in  the  theory  itself:  and  frequently,  in  place  of  the  direct 
anolyas  which  the  theory  enables  us  to  employ  for  the 
solution  of  the  problems,  wc  shall  recommend  a  process 
of  approximation  by  trial  and  correction,  sufiicientiy  ac- 
curate, and  more  within  the  reach  of  practical  engineers. 
We  are  naturally  led  to  consider  in  order  the  following 
articles 

I.  The  effects  of  permanent  additions  of  every  kind  to 
ibr  water?  of  a  river,  and  the  most  effectual  methods  of 

t  :     . ,  ■;■    ['r  or  rcunt^  "■  -  *'  ■  ■■  ■'■•''•  >- 

i  I  ■   .  Frct^  .n  .-  ikml  keeps  of  every 

kind,  fiir  ;  and  the  similar 
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eftecU  of  bridges,  piers,  and  every  thing  which 

the  section  of  the  stream. 

9.  The  nature  of  canals ;  how  tbey  differ  fnxa  rircniB 
respect  of  origin,  discharge,  and  regiroeD,  and  nluitcuo(L 
tioiis  are  necessary  for  dieir  moat  perfect  oouslruclioa 

4.  Canals  for  draining  land,  and  drafls  or  canaLi  cif  di^ 
rivatioii  from  the  main  stream.  The  principles  of  tbor 
construction,  so  that  they  may  suit  their  intended  purpott^ 
and  the  change  which  they  produce  on  the  txuiin  tCraa^ 
both  above  and  below  the  point  of  derivation. 

Of  the  Effects  of  permanent  Addiilons  to  (h^  WoUtm  tf4 
River, 

Fkom  what  has  been  said  already,  it  appears  thiil* 

every  kind  of  soil  or  bed  there  corresponds  a  ccrtaiii  td^ 
city  of  current,  too  small  to  hurt  it  by  digging  it  up^  tai 
too  great  Ui  allow  tl)u  deposition  of  the  materials  whidiiK 
is  carrying  along.  Supposing  this  known  for  any  ptft> 
cular  situation,  and  the  quantity  of  water  whidi  the  chio- 
nel  must  of  necessity  discharge,  we  may  wish  to  Icara  tk 
smallest  slope  which  must  be  given  to  thia  fttn.>ajii,  tlal 
the  waters  may  run  with  the  required  velocilj.  Thi^  «i|- 
gests 

Frob.  I.  Given  the  discharge  D  of  a  river,  and  V  lU 
velocity  of  regimen  :  required  the  smallest  slope  a,  aiui  the 
dimensions  of  its  bed  ? 

Since  the  slope  must  be  the  smallest  possible,  the  bnl 
must  have  the  form  which  will  give  the  greatest  meandef^ 
d,  and  should  therefore  be  the  trapoziani  fonnerly  d«icDU 
ed ;  and  its  area  and  perimeter  are  the  same  with  those  of 
a  rectangle  whose  breadtli  is  twice  its  height  A.     ThcK 

circumstances  give  us  the  equation  ^p  ^  ^  A'*      For  tkt 

area  of  the  section  is  twice  tlie  Mjuare  of  tlie  bright*  an^ 
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is  the  product  of  this  area  and  the  velocity. 


tore 


V    2V 


h  and 


"^ 


=  the  breadtli  b. 


Instead  of*/d — 0,1,  put  its  equal 


The  formula  of  uniform  motion  gives  ^ 

297  (^-^0J_ 
V+0,~8(VT— 0,1) 

^-  0,1,  and  every  thing  being  known  in  the  Beoond 


ber  of  this  equation,  we  easily  get  the  value  of  j  by  a 
ew  trials  after  the  following  manner.  Suppose  that  the 
tecond  member  is' equal  to  any  number,  such  as  0.  First 
suppose  that  ^^  s  is  =  9.  Then  the  hyperbolic  logarithm 
rf"  9+ 1,6  or  of  10,6  is  2,36.     Therefore  we  have  ^s  — 

!-  V^i-l-1,6  =  9  —  2,36,  =  6,(i4  ;  whereas  it  should  have 
«cn  =r  9.  Therefore  say  6,64 :  9  =  9 :  12,2  nearly.  Now 
ppose  that  ^  j  is  =  1 2,2.  'J'hen  Ll2,2+l76  =  L13,8, 
S,625  nearly,  and  12,2  —  2,625  is  9,575,  whereas  it 
ould  be  9.  Now  we  find  that  changing  the  value  of 
s  from  9  to  12,2  has  changed  the  answer  from  6,64  to 
75,  or  a  change  of  3,2  in  our  assumption  has  made  a 
ge  of  2,935  in  the  answer,  and  has  left  an  error  of 
573.  Therefore  say  2,935:  0,575  =  3,2:  0,6,^8.  Then, 
ing  0,628  from  12,2,  we  have  (for  our  next  assump- 

or  value  of  VT)  11,672.     Now  11,572  +1,6  = 

72,  and  L  13,172  is  2,58  nearly.     Now  try  this  last 

ue   11,572  —  2,53  is  9,008,  sufficiently  exact.     This 

serve  as  a  specimen  of  llie  trials  by  which  we  may 

an  intricate  analynis. 

JB.  II.  Given   the  discharge  D,  the  slope  *,  and  the 
•y  V,  of  ]>ermanent  regimen,   to  find  tlie  dimensions 
bed. 
4r  be  the  width,  and  f/  the  depth  of  the  channel,  and 


die  arcA  of  the  section.     This  must  be  ^ 


D 


u 
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therefore  =  xy    The  denominator  9  bang  g^ven,  we  oiigr 
make  Js — L  i/*+l,6  =  ^  B,  and  the  fonnula  f^moi 

velocity  wiU  give  V  =  ^^^^^^^'^-  — 0,S(VT- 0,1), 

which  we  may  express  thus:  V  =  (^^— 0»l)(-/|i— Wl 

V  — 

wliich  rives  -^^  ^—  =    V  d  —  0,1) ;  and  find/, 

.f^  — 0,3 
V 


««^-0,3 


f  0,1  =  '/d 


VB. 

Having  tlius  obtained  what  we  called  the  mean  deplfa» 
we  may  suppose  the  section  rectangular.     Tlits  gives  rf= 

— ^.     Thus  we  have  two  equations,  S=  xy  andtf^ 


//sv— les     s     . , 

From  which  we  obtain  x  =  ./  1 5^  J  +  s-i-    Aw 


having  the  breadth  x  and  area  S,  we  have  y  =  — .     Ani 

then  we  may  cliange  tliis  for  the  trapezium  often  mcB- 
tioned. 

These  are  tlic  chief  problems  on  this  part  of  the  n^ 
ject,  and  they  enable  us  to  adjust  the  slope  and  channel  of 
a  river  which  receives  any  number  of  succesave  permanent 
additions  by  the  influx  of  other  streams.  This  last  infixnt 
us  of  the  rise  whicli  a  new  supply  will  produce,  beeaoK 
the  additional  supply  will  requue  additional  dimennoDi  of 
the  channel ;  and  as  this  is  not  supposed  to  increMe  in 
breadth,  the  addition  will  be  in  depth.  The  question  mqr 
be  proposed  in  the  following  problem : 

Pbob.  III.  Given  the  slope  «,  the  depth  and  the  btKof 
a  rectangular  l)ed  (or  a  trapezium),  and  consequently  the 
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discharge  D,  to  find  how  much  the  section  will  r'lKe,  if  the 
fiischarge  be  auj^iiienlod  by  a  given  quantity. 

Let  A  be  the  height  after  the  auginentatiou,  and  w  the 
width  for  the  rectangular  bed.     We  have  in  any  uniform 

— .  Rai^ng  this  to  a  square^  and 


current  Vrf  == 
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—0,3 


putting  for  d  and  V  their  values 


3-r  and   — r  and 


making  —^  —  0,3  =  K,  the  equation  becomes  .  = 

/    D  N' 

(      ,  „  +  0,1  ) .    Raising  the  second  member  to  a  square^ 

and  reducing,  we  obtain  a  cubic  equadon,  to  be  solved  in 
the  usual  manner. 

But  the  solution  would  be  extremely  complicated.  We 
may  obtain  a  very  expeditious  and  exact  approximation 
from  this  consideration,  that  a  small  cliangc  in  one  of  the 
dimensions  of  the  Fection  will  produce  a  piuch  greater 
change  in  the  section  and  the  discharge  than  in  the  mean 
depth  d.  Having  therefore  augmented  the  unknown  di- 
mension, which  IS  here  the  height,  make  use  of  this  to 
(bnn  a  new  mean  deptli,  and  then  the  new  equation  V  d^ 

— '>oft7 N  "^  ^»*   ^'  8*^^  "*  another  value  of  A, 

which  will  rarely  exceed  the  truth  by  j^^.  This  serves  (by 
the  same  process)  for  finding  anotlier,  which  vnll  common- 
ly be  sufficiently  exact.  We  shall  illustrate  this  by  an  ex- 
ample. 

Let  there  be  a  river  whose  channel  is  a  rectangle  150 
feet  wide  and  six  feet  deep,  and  which  discharges  1500 
cubic  feet  of  water  per  second,  having  a  velocity  of  20 
inches,  and  slope  of  iff^so,  or  about  ,\  of  an  inch  in 
UK)  fathoms.     How  iiiurli  will  it  ri.*v  if  it  receives  an  ad- 
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ditlon  which  triples  its  discharge  ?  and  wkat  vrill  be  tl»  w- 
ity? 

If  the  velocity  remnined  tlie  same,  its  depth  wouiu  ix 
iplod ;  hut  we  know  by  the  general  iormula  th«l  id  vk* 
ity  will  be  greatly  increased,  iwd  therefore  its  dqKh  vH 
lot  be  tripled.  Suppose  it  to  be  doubted,  and  to  beooeoe  U 
feet     This  wUI  pve  d=  10^4483,  or  124,138  bobtti 

:then  tlic  equation  v^^—  0,1  = 


-i^--^) 


or  A  = 


D 


and  in  whicli  we  have  ^v^B^ 


IT  (•d-0,l)(-^ -0,3) 

jl07,8,  I>  =  4500;  V'^— 0,1  =11,0417,  wJUgivek^ 
13,276;  whereas  it  should  have  been  12,  This  Ao« 
jthat  our  calculated  value  of  d  was  too  small.  Let  \u  thdv- 
Ibre  increase  the  depth  by  0,9,  or  moke  it  IS,9,  and  rcfMl 
;the  calculation.  This  will  give  us  V^— 0,1  =  llydSSTi 
ilind  h  =  12,867,  instead  of  13,376.  Therefore  atJgtnCBi- 
itng  OUT  data  0,9  dianges  our  answer  0,400.  Ifwepi^ 
rt>osc  these  small  changes  to  retain  their  proporUoiM,  Vl 
|lDay  conclude  that  if  12  be  augmented  by  the  quaotH^ 
\g:  y  0,0,  the  quantity  13,276  will  diminish  by  the  quafltily 
rfrx  0,409.  Therefore,  that  the  estimated  value  of  A  nj 
I  agree  with  the  one  which  results  from  the  c&kulatiw,  m 
'must  have  12+.t  x  0,9  =  13,276  --  ar  x  0,409.     This  wiD 

jg'vc  «=  j~^,  r=  0,9748,  and  *  X  0.9=  0,8773;  «* 

^^  =  12,8773.    If  we  repeat  tlie  calculation  with  thi&  value 
ipf /*,  we  shall  find  no  change. 

This  value  of  h  gives  d  =  131,8836  inches*     If  we  — 
[compute  the  new  velocity  by  dividing  the  new 
4500  by  the  new  area  150x  IS,8773,   we  sliol!  fioc 
!  De  27,95  inches,  in  place  of  20,  the  former  velocity. 
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We  might  have  made  a  pteity  exact  first  assumptions  by 
Blecting  what  was  formerly  observed,  that  when  the 
Hith  is  very  great  in  proportion  to  the  depth,  the  mean 
PBi  diifers  insensibly  from  the  real  depth,  or  rather  fol- 
W3  nearly  the  same  proportions,  and  that  the  velocities 
Q  proportional  to  the  square  roots  of  the  depths.  Call  the 
e  first  discharge  d,  the  height  A,  and  velocity  r,  and  let 
t  Hf  and  V,  express  tlieae  things  in  their  augmented 


We  hove  v  ^  — j  and  V  =  — r-r^ 


and  x»  :  V   = 


,  and  ^  -^  =^ft  '•  lit-  ^"^ ^y ^^ remark v' :  V* 


Therefore  /« :  H  = 


g-.and 


AD' 


H'  (a  useful  theo- 


H«  =  '^,  and  H=y^|=  12.48 

we  might  have  made  the  same  assumpuon  by  the  r^ 
imlso  formerly  made  on  this  case,  that  the  squares  of 
ischorgcs  are  nearly  as  the  cubes  of  the  height,  or 
00«  :  4500"  =  6>  :  32?,-W^ 

And  in  making'  these  first  guesses  we  shaU  do  it  more 
itfiy,  by  recollecting  tjiat  a  certain  variation  of  tlie  mean 
|B  d  requires  u  greater  variation  of  the  height,  and  the 
:remcnt  will  be  to  the  height  nearly  as  half  the  heiglit  to 

rlh,,  as  may  easily  be  seen.     Therefore,  if  we  add 
0  24 
19,48  its  ^'rj^  th  part,  or  its  24th  part,  viz.  0,62,  we  have 

for  our  first  assumption,  exceeding  the  truth  only  an 

k)d  a  half.     We  mention   these  circumstances,  that 
rho  are  disposed  to  apply  these  doctrines  to  the  bo- 
uf  practical  cases  may  be  at  no  loss  when  one  occurs 
whidi  the  regular  solution  requires  an  Inlricate  ana- 


evident  tlmt  the  inverse  of  Uic  foregoing  problems 
5 
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will  show  die  efTecU  of  enlarging  the  fiedioa  of  a  hf  er,  thi* 
18,  will  flhow  how  inucli  it^  aufface  will  be  sunk  by  mf 
proposed  enlargement  of  its  bed.  ll  is  therefore  needlM 
to  propose  such  problems  in  this  place.  Conunon  sens*  tb- 
rects  UB  10  tnakc  these  enlargements  in  those  parte  of  iIk 
river  where  their  effect  will  be  the  greatest,  ihat  is,  wb» 
it  is  shallowest  when  it^^  breadth  greatly  exceeda  its  depck 
or  where  it  is  narrowest,  (il'  its  deptli  exceed  tile  brodd^ 
which  is  a  very  rare  caae),  or  in  general,  where  the  flop  ii 
the  smallest  for  a  short  run. 

The  same  general  principles  direct  us  in  th«  method  d 
embankments,  for  the  prevention  of  floods,  by  enabling  V 
to  ascertain  the  heights  necessary  to  be  given  to  our  bflfllft 
This  wlU  evidently  depend,  not  only  on  the  addiuoul 
quantity  of  water  which  experience  tells  us  a  river  brii^ 
down  during  its  freslies,  but  also  on  the  distance  at  which 
we  place  the  banks  from  the  natural  Ijanks  of  the  rii*. 
This  is  a  point  where  mistaken  economy  frequently  dcff*' 
its  own  purpose.  If  we  raise  our  embankment  at  tarn 
distance  from  the  natural  banks  of  the  river,  not  only  wiB 
a  smaller  hdght  suffice,  and  conset^uently  a  smaller  b»ifi 
which  irill  make  a  saving  in  the  duplicate  projiortioo  of  ibe 
height;  but  our  works  will  be  so  much  the  more  durtbit 
nearly,  if  not  exactly,  in  the  same  proporboo.  For  by  dittt 
enlarging  the  additional  bed  wliich  we  give  to    '  '^^ 

river,  we  diminish  its  velocity  almost  in  tlic  s  .  ,  ^*^' 
tion  that  we  enlarge  its  channel,  and  thus  dimifttsh  itv 
power  of  ruining  our  works.  Except,  therefofr,  in  tile  c$» 
of  a  river  whose  freshes  are  loade<l  with  line  -^  *■"'  •"  Htf- 
stroy  the  turf,  it  is  always  pro|>cr  lo  place  the  <  «• 

at  a  considerable  di&tance  from  the  natural  ban  ^ 

them  at  half  the  breadth  of  the  stream  from  d 

banks,  wilt  nearly  double  its  channel ;  and»  t\-^  ^^ 
case  now  mentioned,  the  space  thus  detaclied  fftoi  fiwr 
fields  will  afford  excellent  pasture. 

The  limits  of  such  a  work  as  ours  will  nm  ^nntujv  u.  i.^- 
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enter  into  any  detail  on  the  method  of  embankment,  ll 
would  require  a  volume  to  ^ve  instructions  as  to  the  man- 
ner of  founding,  raising,  and  secaring  the  dykea  which 
must  be  raised,  and  a  thousand  circumstances  which  must 
be  attended  to.  But  a  few  general  observations  may  be 
made,  which  naturally  occur  while  wc  are  considering  tho 
manner  in  which  a  nver  works  in  settling  or  altering  iitt 
channel. 

It  must  be  remarked,  in  the  first  place,  that  the  river 
will  rise  higher  when  embanked  than  it  does  wliilc  it  was 
allowed  to  spread  ;  and  it  is  by  no  means  easy  to  conclude 
to  what  lieighl  it  will  rise  from  the  greatest  height  to  which 
it  has  been  gbserved  to  rise  in  its  floods.  When  at  liberty 
to  expand  over  a  wide  valley,  tiien  it  could  only  rise  till  it 
overflowed  with  a  thickness  or  depth  of  water  suflicient  to 
produce  a  motion  backwards  into  the  valley  quick  enough 
to  take  of}'  the  water  as  fast  as  it  was  supplied ;  and  we 
Loaaginc  that  a  foot  or  two  would  suilice  in  mo6t  cases.  The 
best  way  for  a  prudent  engineer  will  be  to  observe  the  ut- 
most rise  remembered  by  the  neighbours  in  some  gorget 
where  the  river  cannot  spread  out.  Measure  tlie  increased 
section  in  tliis  place,  and  at  the  same  time  recollect,  that 
the  water  increases  in  a  much  greater  proportion  than  the 
section ;  because  an  increase  of  the  hydraulic  mean  depth 
produces  an  increase  of  velocity  in  the  duplicate  proportion 
of  the  depth  nearly.  But  as  thi:^  augmentation  of  velocity 
will  obtain  also  between  the  embankments,  it  will  be  suffi- 
ciently exact  to  suppose  that  the  section  must  be  increased 
here  nearly  in  the  same  proportion  as  at  t!ie  gorge  already 
mentioned.  Neglecting  this  method  of  inlbrmatiun,  and 
regtitating  the  height  of  our  embankment  by  the  greatest 
swell  that  has  been  obscn'cd  in   the  plain,  will  assuredly 

1      make  them  too  low,  and  render  them  totally  useless. 

I         A  line  of  embankment  should  always  be  carried  on  by  a 
strict  concert  of  the  proprietors  oi  both  banks  through  its 

b^dMJft  extent.     A  greedy  proprietor^  by  advancing  his  own 
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embankment  beyond  that  of  his  neighbuurs,  not  only  ei' 
poses  himself  to  n»k.  by  the  working  of  the  waters  on  tW 
angles  whicli  this  will  produce,  but  exposes  hu  ncighbowti 
also  to  danger,  by  narrowing  the  acctiony  aod  thereby 
raising  the  surface  and  increasing  the  velocity,  and  by  lur»- 
ing  the  Mream  athwart,  and  caugiog  it  to  ahoot  agamft  iht 
opposite  bonk.  The  whole  should  be  as  much  its  pocaMt 
in  a  line;  and  the  general  effect  should  be  to  maki*  the 
course  of  the  stream  straighter  than  it  %ras  before.  All 
bends  should  be  made  more  gentle,  by  keeping  the  embsok- 
ment  further  from  the  river  in  all  convex  lines  of  the  mSa» 
ral  l)nnk,  and  bringing  it  nearer  whore  the  bonk  uooooiVf;. 
This  will  greatly  diminish  the  action  of  the  waters  on  tfal 
bankmenL,  and  ensure  their  duration.  The  some  masim 
must  he  followed  in  fencing  any  brook  which  dIscfaargfBit> 
self  into  the  river.  The  bends  given  at  its  mouth  to  ibl 
two  lines  of  embankment  should  be  made  less  actitr  ihtt 
those  of  the  natural  brook,  although,  by  this  mesm^  tM9 
points  of  land  are  left  out.  And  the  opportunity  sbooUbt 
embraced  of  making  the  direction  of  tltis  tramvcrse  hniok 
more  sloping  than  before,  that  is,  less  athwart  the  dircctkn 
of  the  river. 

It  is  of  great  consequence  to  cover  tlie  outside  of  the  dyk* 
with  very  compact  turf  closely  united.  If  it  admit  ««ttf« 
the  interior  part  of  the  wall,  whicli  »  always  more  ponNtft 
becomes  drenched  in  water,  and  this  water  acts  with  its  «ts> 
tica!  pressure,  tending  to  burst  the  liatik  on  the  lond-Mile, 
and  will  quickly  shift  it  from  its  seaL  The  utmost  csiv 
shoidd  therefore  be  taken  to  moke  it  and  keep  it  petfosilf 
tight.  It  should  he  a  continued  tine  turf,  and  every  hare 
spot  should  be  carefully  covered  wilh  fresh  sod;  and  nd- 
holes  must  be  carefully  closed  up. 

Of  Hrai^httrt^  or  cliotiging  the  Course  ofRlveri, 

We  have  seen,  that  every  betiding  of  a  river 
additional  slope  in  order  to  oontimic  its  train,  or  toi 


TUEOEY  OF  RIVEK». 


*07 


to  convey  the  same  quantity  of  water  without  swelling  in 
Its  bed.  Therefore  Uie  elleut  of  taking  away  any  of  these 
bends  must  be  to  sink  the  waters  of  the  river.  It  is  proper, 
therefore,  to  have  it  in  our  power  to  estimate  these  effects. 
It  ruay  be  desirable  to  gain  property,  by  taking  away  tlie 
sweeps  of  a  very  winding  stream.  But  this  xn&y  be  preju- 
(ficialy  by  destroying  the  navigation  on  such  a  river.  It 
may  also  hurt  the  proprietors  below,  by  increasing  the  ve- 
locity of  the  stream,  which  will  expose  them  to  the  risk  of 
iu  overflowing,  or  of  its  'destroying  its  bed,  and  taking  ft 
new  course.  Or  this  increase  of  velocity  may  be  inconsist- 
ent with  the  regimun  of  tliu  new  channel,  or  at  least  require 
larger  dimensions  tJian  we  should  have  given  it  if  ignorant 
of  this  effect 

Our  principles  of  uniform  motion  enable  us  to  answer 
every  question  of  tliis  kind  which  can  occur ;  and  M.  de 
Buai  proposes  several  problems  to  this  effect.  The  regu- 
lar solutions  of  them  ore  complicated  and  difEcult ;  and  we 
do  not  lliLuk  them  necessary  in  this  place,  because  they  may 
all  be  solved  in  a  manner  not  indeed  so  elegant,  because  in 
direct,  but  abundantly  accurate,  and  easy  to  any  person  fa- 
milinr  with  those  which  we  have  already  considered. 

We  can  take  the  exact  level  across  all  these  sweeps,  and 
thus  obtain  the  whole  slope.  We  can  measure  with  accu- 
racy the  velocity  in  some  part  of  the  diannel  vrhicli  is  most 
rwDiote  from  any  bend,  and  where  tlie  channel  itself  has  the 
gTMttst  regularity  of  form.  This  will  give  us  the  expense 
or  disdtarge  of  the  river,  and  the  mean  depth  connected 
with  it.  We  can  then  examine  whether  this  velocity  is 
precisely  such  as  is  compatible  with  stability  in  the  straight 
course.  If  it  is,  it  is  evident  that  if  we  cut  off  the  bends, 
the  greater  slope  which  this  will  produce  will  communicate 
to  the  waters  a  velocity  incompatible  with  the  regimen  suit- 
ed to  this  soil,  unless  we  enlarge  the  width  of  the  stream, 
th||^ijty  unless  we  moke  the  new  cliaiinel  more  capacious 
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lannel  which,  wjth  this  increa-< 

le  watei^  with  the  velocity  that  U  nee 

lay  bo  done  hy  the  foregoing  ptioblctds ;  and  we  amy  •*- 

icst  accompliah  this  by  steps.     First,  suppose  •'"*  ^^-^  tW 
with  the  old  one,  and  cnlcidatc  the  vcL  thr 

icreased  blo[>e  by  the  general  formula.  Then  change  oK 
of  the  dimensions  of  tht*  channel,  so  as  to  pnx!uoc  the  Tt4^ 
city  we  want,  which  is  a  very  simple  process.  Aud  tndcK 
ing  this,  the  object  to  be  kept  chiefly  in  view  is  not  to  make 
||hc  new  veliK'ity  such  as  will  be  incompatible  with  ihc  rt»- 
fbiJity  of  the  new  bed. 

Having  accomplished  tlits  first  purpose,  we  lcam(ia  tbc 
^very  solution)  how  much  shallower  this  channel  wnbito 
greater  slope  will  Im*  Jhan  the  fonner,  while  it  disdbifpi 
all  the  waiurs.  This  diojlnuiion  of  depth  must  incfivB 
the  slope  and  the  velocity,  and  must  diminish  d)c  dcplbff 
the  river.  Above  the  place  where  the  alteration  ia  lok 
made.  How  far  it  produces  these  efftcts  may  be  c&lculat- 
rd  by  the  general  formula.  We  then  see  wbeUicr  the  d*- 
vigation  will  be  hiirt,  either  in  the  old  river  up  the  stiwin, 
in  iJie  new  channel.  It  is  plain  that  all  ihescpointsca^ 
not  be  reconciled.  We  may  make  the  new  channel  sucli,  tiat 
it  shall  leave  a  velocity  compatible  with  stability,  ockd  diil 
it  shall  not  diminish  the  depth  of  the  river  up  the 
,£ut,  having  a  greater  slope,  it  must  have  a  smalkr 
[depth,  and  also  a  smaller  real  depth,  unli'ss  wc  inakci 
la  very  inconvenient  form. 

The  same  things,  vicwwl  in  a  dirterent  light,  will  mW 
[us  what  depression  of  waters  may  he  prt>duccd  by  wclifv 
fing  the  course  of  a  river  in  tirdcr  to  prevent  its  overilownig 
And  ll)e  process  which  we  would  reconuncnd  ia  the  mtm 
with  the  foregoing.  We  apprehend  it  to  br  .  odleaiti? 

^easure  the  angles  of  rebound,  in  order  tot^.  .^ ilicifc)pf 

is  cmphycd  lor  sending  the  river  tlirough  the  beud, 
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lith  a  view  to  supersede  this  by  Klra'iglitinjL;  the  rivvr.     It 

infibiiely  easier  and  more  exact  to  lueo&ure  llie  levtU 

leiDselves,  andlbeu  we  know  ihe  effect  of  removing  Uicn). 

Nor  need  we  follow  M.  de  Bunt  in  sulviug  problems  for 

diroinLshing  llie  slope  and  velocity,  and  deepening  the  chau- 

tl  of  A  river  by  bending  its  course.     The  expense  of  thi» 

»uld  be  in  every  case  enormous;  and  the  practices  which 

are  juBt  going  to  enter  upon  afford  infinitely  easier  me- 

of  accomplishing  all  the  purposes  whicli  arc  to  be 

gmioed  by  these  clianges. 

OfBarSj  Weira^  and  JeiHestJbr  raufing  Oui  Surface  of 
Rivers. 

We  propose,  under  the  article  ^Vateb-Wokks,  to  con- 
r  in  suiHcient  practical  detail  all  that  relates  to  thecon- 
uction  and  mechanism  of  these  and  other  erections  in 
water  ;  and  we  confine  ourselves,  in  this  place,  to  the  mere 
eel  which  they  will  produce  on  the  current  of  the  river. 
We  gave  the  nonic  of  xcdr  or  bar  to  a  dam  erected 
across  a  river  for  the  purpose  of  raising  its  waters,  whether 
in  order  to  take  off  a  dralt  for  a  mill  or  to  deepen  the  chan- 
k^fl.  Before  we  can  tell  the  effect  which  they  will  produce, 
^He  must  have  a  general  rule  for  ascertaining  the  relation 
^Bptween  the  height  of  the  water  above  the  lip  oi'  the  wdr 
^or  bur,  and  tlje  quantity  of  water  which  will  tlow  oven 
^_  Firsts  then,  wiili  respect  to  a  weir,  represented  in 
^V>g'  19>  20.  The  latter  figure  more  resembles  their 
^Bpual  form,  consisting  of  a  dam  of  solid  masonry,  or 
^^iiill  of  limber,  properly  fortified  with  shoiirs  and  banks. 
On  lijc  lop  is  set  up  a  strong  plank  FK,  called  the  waste- 
board,  or  waster,  over  whidi  the  water  Hows.  This  is 
ught  to  an  accurate  level,  of  the  proper  height.  Such 
ders  arc  fVetjucnlly  made  in  the  side  of  a  mill-course, 
r  icttuig  the  huperlluous  water  run  off.  This  is  properly 
e  wnUer^  voider :  it  is  also  called  an  offset     The  aatno 


OA 


510 


THEOBY  OF  RIVKEA. 


obflerraiions  wiU  explain  all  the«e  di^ereaC  pteoevof 
lioe.     The  following  questions  occur  In  count : 

Pbob.  I.  Given  the  iengtli  of  an  offset  or  vrastdwMJ^ 
made  in  tHe  face  of  a  reservoir  of  stagnant  water,  and 
depth  of  its  lip  under  llie  horizontal  surface  of  the 
to  determine  the  cfischarge,  or  the  quantity  of  water 
will  run  over  in  a  Becond  ? 

Let  AH  be  the  horizontal  surface  of  the  still  water, 
F  the  lip  of  tiie  wasteboard.  Call  the  depth  BF  onrfff 
the  surface  A,  and  the  length  of  the  wasteboard  L  S,M, 
The  water  is  supposed  to  How  over  into  another  baai  or 
channel,  so  much  lower  that  the  surface  ilL  uf  tlie  wate 
is  lower,  or  at  least  not  higher,  than  F. 

If  the  water  could  be  supported  at  the  height  BF,  BT 
might  be  considered  as  an  orifice  in  the  side  of  a  wrmA, 
In  which  case,  the  discharge  would  be  the  same  as  if  tltf 
whole  water  were  flowing  with  the  velocity  acquired  (nm 
the  height  )  BF,  or  ^  h.  And  if  we  suppose  that  there  ii 
no  contraction  at  the  orifice,  the  mean  velocity  would  be 

V2^  J  A,  =  ^''772{  h,  in  English  inches  per  seooad.     The 
area  of  this  orifice  Is  /  h.     Therefore  the  discharge  wouU 

be  /A  ^77^9  A,  all  being  measured  lo  inches.  This  is iim 
usual  theory  ;  but  it  is  not  an  exact  representation  of  tlia 
manner  in  which  the  efflux  really  happens.  The  wilsr 
cannot  remain  at  the  height  BF  ;  but  In  drawing  towards 
the  wasteboard  from  all  sides,  it  ibrma  a  coDves  turiact 
AIH,  so  that  the  point  I,  where  the  vertical  drawn  frooi 
the  edge  of  the  wasteboard  meets  tlie  cui^e,  lis  considerably 
lower  than  B.  But  as  all  the  mass  above  F  is  supposrf 
perfectly  fluid,  tlie  pressure  of  the  Inamibcnt  water  ispio- 
pagated,  in  the  opinion  of  IM.  de  Buat,  to  tluf  filotaeal 
pasmgorer  at  F  without  any  diminution.  The 
be  said  of  any  filament  between  F  and  I. 
therefore,  to  move  In  the  same  manner  as 
impelled  tJirough  an  orifice  in  its  place.      iiKrc^< 
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jons  through  erety  part  of  the  line  or  plane  IF  are 
the  same  as  if  the  water  were  eflcaping  llirougli  an  oritice 
IP,  made  by  a  sluice  let  down  on  the  water,  and  keeping 
up  the  water  of  ihe  reservoir  to  the  level  AB.  It  Is  be- 
yond ft  doubt  (says  he)  that  the  height  IF  must  depend 
on  the  whole  height  BF,  and  that  there  must  be  a  certmn 
delermined  proportion  between  them.  He  does  not  at* 
tempt  to  determine  this  proportion  theoretically,  but  says, 
ifaat  his  experiments  ascertain  it  with  great  precision  to  be 
tbc  proportion  of  one  to  two,  or  that  IF  is  always  one-half 
of  BF.  He  Hays,  however,  that  this  determination  was 
not  by  an  immediate  and  direct  measurement ;  he  couclud- 
cd  it  from  the  comparison  of  the  quantities  of  water  dis- 
charged under  different  heights  of  tJie  water  in  the  re- 
Bervoir. 

We  cannot  help  thinking  that  this  reasoning  is  very  de« 
ftcUre  in  several  particulars.  It  cannot  be  inferred,  from 
the  laws  of  hydrostatical  pressure,  that  the  filament  at  I 
ia  presaed  forward  with  all  the  weight  of  the  column  BI. 
*rbe  particle  I  is  really  at  the  surface ;  and  considering 
it  as  making  part  of  the  surface  of  a  running  stream, 
it  is  subjected  to  hardly  any  pressure,  any  more  than 
the  particles  on  the  surface  of  a  cup  of  water  lield  in 
the  hand,  while  it  is  carried  round  the  axis  of  the  earth 
and  round  the  sun.  Rca!?oning  according  to  his  own  prin- 
ciples, and  avaihng  himself  of  his  own  discovery,  he  should 
say,  tliat  llic  particle  at  I  has  an  acctierating  force  depend- 
ing on  its  i&lupe  only  ;  and  then  he  should  have  endeavour- 
ed to  ascertain  this  slope.  The  motion  of  the  particle  at 
I  has  no  immediate  connection  with  the  presfciire  of  the 
column  BI ;  and  if  it  had,  the  motion  would  be  extremelv 
I  from  wliat  it  is  :  for  this  pressure  alone  would 
the  veloci'  ' '  h  M.  Buat  a-ssigns  it.  Now  it  is 
.lie  point  I  with  the  velocity  whici) 
nding  along  the  curve  AI ;  ami 
^e.  The  particle*  are  passing 
Tcquircd  by  a  sloping  cur- 
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rent ;  and  they  are  acx:elerated  by  the  b\il^^l^tatical  prtf- 
sure  of  the  water  above  theui.  The  internal  mechamn 
of  the^  motions  is  infinitely  more  complex  Uian  M.  Buit 
liere  supposes ;  and  on  this  supposition  he  very  ocarly 
abandons  the  theory  M'hich  he  has  so  ingeniously  estabToh* 
cd,  and  adopts  the  tlieory  of  GugUelmini  which  be  had  ex- 
ploded. At  the  same  time,  we  think  that  he  is  not  audi 
mistaken  when  he  asserts,  tliat  tlie  motions  are  nearly  the 
same  as  if  a  sluice  had  been  let  down  from  tlie  surface  tu  1. 
for  the  filament  which  passes  at  I  has  been  gliding  dowD 
curved  surface,  and  has  not  been  exposed  to  any  firictioii. 
It  is  perhaps  the  very  case  of  hydraulics,  where  the  ob- 
structions arc  the  smallest ;  und  we  should  therefore 
't  that  its  mntion  will  be  the  least  retarded. 


We  have  therefore  no  hesitation  in  saying,  that  the 
raent  at  I  is  in  the  very  state  of  motion  which  the 
would  assign  to  it  if  it  were  pushing  itnder  a  sluice,  as  M. 
Buat  supposes.  And  with  respect  to  the  inferior  filamcota, 
without  attempting  the  very  difHcult  ta&k  of  investigalU^ 
their  motions,  we  slioll  just  say,  that  we  do  not  see  any 
reason  for  supposing  that  they  will  move  slower  than  our 
author  supposes.  Therefore,  though  we  reject  his  iheofyi 
wc  admit  his  experimental  proposition  in  general ;  that  is, 
we  admit  that  the  tcltok  water  which  passes  through  ibc 
plane  IF  moves  with  the  velocity  (though  not  in  the 
direction)  with  which  it  would  have  run  through  a  sliuoe 
of  the  same  depth  ;  and  we  may  proceed  with  his  deter- 
mination of  the  quantity  of  water  discharged. 

If  we  make  BC  the  axis  of  a  paraboLa  BEGK,  iJu:  ve- 
locities of  the  HIanients  passing  at  I  and  F  will  bo  repre- 
sented by  the  ordinates  IL  and  FG,  and  the  discharge 
by  the  area  I£GF.  This  allows  a  very  neat  soludon^^ 
the  problem.  Let  tlie  quantity  discharged  per  secood  bfi 
!),  and  let  tlie  whole  height  BF  be /i.     Let  !2  G  be  the 

ontity  by  which  we  must  divide  llie  square  of  the  njesn 
*itY,  in  order  tu  have  tlic  producing  height     This  will 
han  2  gt  the  accderalJon  of  gravity,  oa  accouut  *4 


re  ^^i 
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irefgeiicy  ut  llic  sides  and   llie  tendency  to  oonver- 

at  the  lip  F.     Wc  tbrmerly  gave  for  its  measure 

lnche»,  instead  of  77S,  and  sud  tliat  the  inches  dis- 

rgcd  per  second  from  an  orifice  of  one  inch  were  ^,49* 

-ead  of  27, 7S.     Lei  x  be  llie  disianct*  of  any  filaineni 

tJie  horizontal  line  AB.     An  element  of  the  oriHce, 

Pore,  (for  we  may  give  it  this  name)  Is  I  jr.     The  ve- 

ity  of  this  element  is  n^  JdG  j:,  or  ^' 2G  x  V-      The 

ge  from  it  ia  i  V^Gx    Xj  and  the  fluent  of  this,  or 

J^WWGx  ^  X,  which  is  I  I  JTG  x  '  4-  C.     To 

ine  the  constant  quantity  C«  observe  that  M.  de 

t  found  by  experiment  that  BI  was  in  all  cases  ^  BF. 

erefore  D  must  be  nothinp^  when  »=  i  h;  consequently 

^ll  J^  0 (  -  ) '^    atid  the  completed  fluent  will  be 

|^V2G(xi_(|)S). 
6w  make  r  ^  ^  and  we  have 

s 
1  —  (i)  '  —0,64645,  and  ?  of  this  is  0,4,'Jl  :  There- 

^,  final Ivy 

If  wo  now  put  26,49  or  26^  for  V  5f  G,  or  the  velocity 
whh  which  a  head  pf  water  of  one  inch  will  impel  tlie  wa^ 
ter  over  a  weir,  and  multiply  this  by  0,431,  wc  get  the 
following  quantity,  ll,417ii,  or,  in  numbers  of  easy  recol- 
lection, m,  for  the  cubic  inches  of  water  per  second,  which 
over  every  inch  of  a  wasteboard  when  the  edge  of  it 
inch  below  the  surface  of  the  reservoir ;  and  this 

i 
'  :      '    ,  or  by  the  s<^uare  root  of  tlie 

1.     Thus  let  the  edge  of  the  waste- 

br  four  inches  below  (he  surface  of  the  water.     The 
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eubeortiibis64^Df  which  the  square  root  is  ci^t  l\m\ 

\Son  a  wasteboard  of  tliis  depth  under  the  wHidb,  ti\ 

three  feet  long,  will  discharge  every  aecoiMl  8  x  9^1(4 

^cubic  inches  of  water,  or  1  j*,  ouluc  feet,  I2ogltah 

The  following  comparisons  will  show  bow  mudi 
theory  may  be  depended  on.  Column  1.  shews  chedi|i 
|cf  the  edge  of  tJic  board  under  the  surface ;  ?,  sb( 
discharge  by  theory  ;  and  8,  tlie  discharge  actually 
•erved.  The  length  of  the  board  was  18^  inches.  N. 
ifThe  number  in  M.  fiuat*&  expenmeota  are  here  rd 
Co  English  measure: 


0. 

D.  Tlieor. 

D.  Krp. 

B. 

1,7T8 

606 

5^4 

28^ 

8,199 

UQ:i 

1218 

GO^ 

4»66i> 

2153 

SI  55 

123,03 

6,753 

3750 

3771 

2U^J 

The  last  column  is  the  cubic  inches  diadmrged  iu  a  »tad 
}hy  each  inch  of  the  wastcboard.     The  corrcspondeooe  • 
[Undoubtedly   %'ery  great.     Tlie  greatest  error  is  in  ik 
it,  which  may  be  attributed  to  a  much  smaller  latsrll 
»ntraction  under  so  small  a  head  o^  water. 
But  it  must  be  remarked,  tliat  the  calculation  proeeidf 
two  suppositions.     The  height  Fl  is  supposed  j  of  BF; 
id  3  G  is  supposed  726.     It  is  evident,  that  by  inoo*- 
'ing  the  one  and   diminishing  the  other,  ne&Hy  the  saow 
answers  may  be  producctl,  unless  much  greater   rariatiostf 
of  A  be  examined.     Botli  of  these  quantities  are  matttfi  ^ 
considerable  uocertaintVt  particularly  the  first ;  aiul  it  nmtf 
be  farther  remarked,  that  this  was  not  meanircd|  but  de- 
duced from  the  uniformity  of  the  experiments.     Wc  pff^ 
ume  that  M.  Boat  tried  various  values  of  G,  till  he  ftivifld 
one  which  gave  the  rattos  of  discharge  which  he  obecrrerf. 
We  beg  leave  to  observe^   that  in  a  set  of  nim^erous  exp^* 
riments  which  we  had  aooess  to  examine,  Bl  was  uniiisniily 
much  leas  than  i  ;  it  was  nearly  f  :  and  the  quantity  >^ 
clutrgcd  was  greater  than  wliat  would   rcsuh   Irom  M. 
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ti\  calculatiou.     It  was  farther  observed,  that  IF  d©- 

sd  very  much  on  the  form  of  the  wasteboard.    When 

a  very  thin  board  of  considerable  depth,  IF  was  very 

■derably  greater  than  if  the  boord  was  thick,  or  narrow, 

Bei  on  the  top  of  a  broad  dam.head,  as  in  Fig.  SO. 

[t  may  be  proper  to  give  the  formula  a  form  which  will 

Kpond  to  any  ratio  wliich  experience  may  discover  be> 

ffi 

BFand  IF.     Thus,  let  BI  be  -  BF.     The  for- 

n 

wiU  be  D  =  8 /s/2G  (l-(^)^)  A  ' 

'e  presume,  therefore,  that  the  following  table  will  be 
liable  to  practicable  engineers,  who  are  not  familiar 
such  computations.  It  contains,  in  the  first  column, 
depth  in  English  inches  from  the  surface  of  the  stag- 
water  of  a  reservoir  to  the  edge  of  the  wasteboard. 
second  column  is  the  cubic  feet  of  water  discharged 
minute  bv  every  inch  of  the  wasteboard  : 


Depth. 

D'ucJtarg>\ 

O.p/4. 

Diichat^. 

1 

0,403 

10 

12,748 

2 

1,140 

11 

14,707 

8 

2,095 

12 

16,758 

4 

3,285 

IS 

18,895 

5 

4,507 

1* 

21,117 

6 

5,925 

15 

23,419 

r7 

7,466 

16 

25,800 

P 

9,122 

17 

98,258 

9 

10,884 

18 

30.7S6 

^■Vbea  the  depth  does  not  exceed  four  inches,  it  will  not 
■Be  exact  enough  to  take  proportional  parts  for  the  fractions 
of  an  inch.     The  following  metliod  is  exact : 

If  ihey  be  odd  quarters  of  au  inch,  look  in  the  table  for 

nanj  inches  as  the  depth  contains  quarters,  and  take 

eighth  part  of  the  answer.     Thus,  for  S{  inches,  tak« 


Sk 


u 
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the  eighth  part  of  2.3,419t  which  corros|M>uds  to  15  ii 

his  is  S,927. 

If  the  wasteboord  is  not  on  tiie  face  or  a  dam,  but  io  i 
running  stream,  wc  must  augment  the  discharge  by  multi* 
plying  the  section  by  tlic  velocity  of  the  stream.  But  tha 
correction  can  seldom  occur  in  practice;  because,  in  thic 
case,  the  discharge  is  previously  known ;  aiid  it  is  A  that 
we  want ;  ^vIlicll  is  the  object  of  the  next  problem. 

We  only  beg  leave  to  add,  that  the  experiments  which 
we  mention  as  having  been  already  made  in  this  oountrj, 
give  a  result  somewhat  greater  than  this  table,  viz.  about 
i\.  Therefore,  having  obtained  the  answer  by  this  table, 
add  to  it  i(£  16Ui  port,  and  we  apprehend  that  it  will  be 
extremely  near  the  truth. 

When,  on  the  other  hand,  we  know  the  discharge  onrer  a 
wastcboard,  we  can  tell  the  depth  of  its  edge  under  the  sur- 
face of  the  stagnant  water  of  the  reservoir,  because  we  hi» 

h  =  (jYTj    ^'«7  nearly. 

We  are  now  in  a  condition  to  solve  the  problem  respect- 
ing a  weir  across  a  river. 

Prob.  II.  The  discharge  and  section  of  a  river  bebg 
given,  it  is  required  to  determine  how  much  the  waters  will 
be  raised  by  a  weir  of  the  whole  breadth  of  the  river,  dis- 
charging tlie  water  with  a  clear  fall,  that  is,  tlie  surface  oT 
the  water  in  the  lower  cliannel  being  below  the  edge  oilhe 
weir  ? 

In  this  case  wc  have  2  G  =  74^  nearly,  because  then* 
will  be  no  contraction  at  the  sides  when  the  weir  is  tJic 
whole  breadth  of  the  river.     But  furdier,  the  water  is  tiot 

now  stagnant,  but  moving  with  the  velocity  — ,  S  being 

the  sectiftn  of  the  river. 

Therefore  let  a  be  the  height, of  the  weir  from  the  hot- 
tona  of  the  river,  and  h  the  height  of  the  water  abovf  the 
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We  liave  the  velocity  with  which  Uie 


les  the 


weir 


i{a+h)' 


I  bang  the  length  of 


Ith  of  the  river.  Therefore  the  height  pro- 


mean 


velocity 


IS 


a  little  ago  will  have  h 


( H \ 


The 


D 


0,481  Z  \/  2  G- 


Therefore, 
D 


^a  +  A' 


we 


water  above  the  w«ir  is  stagnant, 
already  moving  with  the  velocity 


very  troublesome  to  solve  this  equation  regular- 
e  the  unknown  quantity  h  is  found  in  tfee  se- 
X  of  the  answer.  But  we  know  that  the  height 
;  the  velocity  above  the  weir  is  very  small  in  coni- 
7i  and  of  a,  and,  if  only  estimated  roughly,  will 
■ry  insensible  change  in  the  value  of  h ;  and,  by 
the  operation,  we  can  correct  this  value,  and 
a  any  degree  of  exactness. 
Btrate  this  by  an  example.  Suppose  a  river,  the 
whose  stream  is  150  feet,  and  that  it  discharges 
feet  of  water  in  a  second ;  how  much  will  ihc 
thb  river  be  raised  by  a  weir  of  the  same  width, 
:  high  ? 

e  the  width  to  be  60  feet.  This  will  give  8  feet 
pth ;  and  we  see  that  tlie  water  will  have  a  clear 
tse  the  lower  stream  will  be  the  same  o^  before, 
stion  being  150  feet,  and  the  discharge  174,  the 
idty  is  iJJ,  =  1,16  feet,  =  14  inches  nearly, 
juires  the  height  of  ^  of  an  inch  \Giy  nearly. 
be  taken  for  the  second  term  of  the  value  of  /i. 
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in  the  present  case,  =  27,813 ;  /  is  600,  and  D  is  174  x 
1728,  =300072.  Therefore  h  =  15,192  —0,«5,  =  1 1,942. 
Now  correct  this  value  of  h,  by  correcting  the  second  lam, 

Z'        D        Y 

which  b  1  of  an  inch,  instead  of  I  ~i^^^        ,   ) » or  0,141. 

This  win  give  us  ^  =  12,192  —  0,141,  =  12,051,  differ- 
ing from  the  first  value  about  -i'^  of  an  inch.  It  Is  need- 
less to  carry  the  approximation  farther.  Thus  we  see  that 
a  weir,  which  dams  up  the  whole  of  the  fomm*  current  of 
three  feet  deep,  will  only  raise  the  waters  of  this  river  ooe 
foot. 

The  same  rule  serves  for  showing  how  high  we  oug^t  to 
raise  this  weir  in  order  to  prodiioe  an^  given  rise  of  the  wa- 
ters, wlielher  for  the  purposes  of  navigation,  or  for  Ukisg 
off  a  draft  to  drive  mills,  or  for  any  other  service ;  for  if  the 
breadth  of  the  river  remain  the  same,  the  water  will  still 
flow  over  the  weir  with  nearly  the  same  dcptli.  A  very 
small  and  hardly  perceptible  difference  will  indeed  ari^t: 
from  the  diminution  of  slope  occaaoncd  by  this  rise^aiul  a 
consequent  diminution  of  the  velocity  with  which  the  river 
approaches  the  weir.  But  this  dilFerence  must  always  be 
a  small  fraction  of  the  second  term  of  our  answer  ;  whicli 
term  is  itself  very  small :  and  even  this  will  be  compen- 
sated, in  some  degree,  by  the  freer  fall  which  the  water 
will  have  over  the  weir. 

If  the  intended  weir  is  not  to  have  the  whole  breadth  of 
the  river  (which  is  seldom  necessary  even  for  U»c  purposrs 
of  navigation),  the  waters  will  be  raised  higher  hj  tlitf 
same  height  of  the  wosteboard.  The  calculation  is  pre- 
cisely the  same  for  this  case.  Only  in  the  second  tenOi 
which  gives  the  head  of  water  corresponding  to  the  *^ 
city  of  the  river,  /  must  still  be  taken  for  the  whole  breadth 
of  ihc  river,  while  in  the  first  term  /  is  tJie  lengtli  of  ifc* 
wasteboard.  Also  V  2  G  must  be  a  little  less,  on  account 
of  the  contractions  at  the  ends  of  the  weir,  indess  these  be 
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by  giving  the  masonry  at  the  ends  of  the  wastc- 

8  curved  shape  on  the  upper  sida  of  the  vrastcboord. 

ahould  iu>t  be  done  when  the  sole  object  of  the  weir 

d>e  the  suriacc  of  the  waters.   Us  effect  is  but  tnfling 

rate,  wheu  the  luugtli  of  the  wasteboard  is  eonsidcr- 

in  proportion  to  the  thicknesB  of  the  sheet  of  water 

over  it. 

following  comparisons  of  this  rule  with  experiment 
U  give  our  readers  some  notion  of  its  utility. 


DUcharge 
,  «r  the  Weir 
■fa  Second. 

Hadprf>. 
iluciag  tliL* 
vrlnrity  at 
the  Weir. 

Head  pro- 
ducing tbc 
VAnnty 
above  it- 

Calculated 
Height  trf 
tlie  Rircx 
above  the 
Wartcboaid. 

ObMmcd 
Ha^bu 

V  Inches. 

BS888 

■1112 

■   259 

Inches. 

7,302 
5.385 
8,171 

1,201 

Inches. 

0,()25 
0,.^50 
0,116 

0,0114 

Inches 

G,677 
5,(»S5 

M89 

Incbea. 
G,5Sti 
4.750 
3,J(j6 
1,250 

found  extremely  diiHcult  to  measure  the  exact 
gilt  of  the  water  in  the  upper  stream  above  the  wostc- 
|id«  The  curvature  AI  extended  several  feet  uji  the 
Indeed  there  mu>.t  be  something  arbitrary  in  this 
iient,  because  ti»e  surl'ace  of  the  stream  is  not  ho- 
iL  The  deviation  should  be  taken,  not  from  a  ho- 
plane>  but  from  the  inclmcd  surface  of  the  river, 
plain  that  a  river  cannot  be  fitted  £jr  continued  n&* 
in  by  wKtus.  I'hetve  occasion  interruptions ;  but  a 
mny  sometimes  be  added  to  the  waters  of  a  river 
.«,  which  may  &iill  allow  a  llut-butuniicd  Ughtcr  or 
[to  pass  over  it.  This  is  a  very  frequent  practice  in 
id  and  Flanders ;  and  a  very  cheap  and  certain  convoy- 
»f  goods  is  there  obuinvd  by  means  of  streams  which 
lid  think  no  better  than  Umndary  ditches,  mid  un- 
every  purpose  of  litis  kind.  By  means  of  a  bar  the 
iia  kept  up  a  very  few  inches,  and  the  stream  bus  fret- 
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course  to  ihe  sea.     The  shoot  over  the  bar  U  prrvi-fili^k 

leans  of  another  bar  placed  a  little  ^sty  \> 
lat  in  the  bottom  of  the  ditch,  but  which  may  be 
m  hinges.     The  lighterman  makes  his  boat  fast  lo  « 
Immediately  above  the  bar,  raises  the  lower  bar, 

^cr  his  boat,  again  makes  it  fast,  and,  hnving  laid 
[the  odier  bar  again,  proceeds  on  his  journey.      TU* 
trivance  answers  the  end  of  a  lock  at  a  vtrry  Uifl: 
pense ;  and  though  it  does  not  admit  of  wluU  we  fti» » 
customed  to  call  navigation,  it  gives  a  rery  sure  caanf* 

ICC,  which  would  otherwise  be  tmpoesible.  Wbeo  A* 
Waters  can  be  raised  by  bars^  so  that  tliey  limy  bedmn 
off  for  machinery  or  other  purposes,  they  are  preferuW*** 
weirs,  because  they  do  not  obstruct  floating  vrtlh  rafts,  mA 

re  not  destroyed  by  the  ice. 

PaoD.  III.  Given  the  height  of  a  bar,  the  depfh  dw^ 
ir  both  above  and  below  it,  and  the  width  of  the  rirer,  to 
determine  the  discharge  ? 

This  is  by  no  means  so  easily  solved  as  the  dtKhsjp 
over  a  weir^  and  we  cannot  do  it  with  the  sftnie  degree  c/ 
evidence.  We  imagine,  however,  that  the  following  ofc* 
servations  will  not  be  very  far  from  a  true  acoount  of  Ok 
matter  : 

Wc  may  first  suppose  a  reservwr  LFBM  (Fig.  21.)*' 
stagnant  water,  and  that  it  has  a  wnsielxiard  of  the  hmf^ 
CB.  Wc  may  then  determine,  by  the  foregoing  problcflit 
the  discharge  through  the  plane  EC-  With  respect  to  d* 
discharge  through  the  part  CA,  it  sliould  be  equftl  to  lk» 
product  of  the  part  nf  the  section  by  the  velocity  oonfr 
sponding  to  the  fall  EC,  which  is  iJie  difference  of  the 
heights  of  water  above  and  bdow  the  bar ;  for,  beciw 
the  difference  of  Ea  and  Cm  i«  equal  to  EC,  ewij 
particle  a  of  water  in  the  plane  CA  is  pre**ed  b  Cbc 
direction  of  this  stream  witii  the  same  force,  vtM,  tfcp 
weight  of  the  column  EC.  The  sum  of  lhc»e  dijdiaiRW 
should  Jje  the  whole  discharge  over  the  bar ;  but  smcr  ^ 
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^k  set  up  across  a  running  river,  iu  discharge  must  be 
wne  witli  dml  of  the  river.  The  water  of  the  river, 
%hen  it  comes  to  ihe  place  of  the  bar,  has  acquired  aome 
vvlocity  by  its  slope  or  other  causes,  and  this  corresponds 
to  aonie  height  FE.  This  velocity,  multiplied  by  the  sec- 
tion of  the  river,  having  the  height  EB^  should  give  a  dis- 
^large  equal  to  the  discharge  over  the  bar. 

To  avoid  this  cuniplicatioii  of  conditions,  we  may  first 
OfUnpute  the  discharge  v(  tiie  bar  in  the  manner  now  point- 
ed out,  without  the  consideration  oi'  the  previous  velocity 
oTthe  stream.  This  discharge  will  be  a  Uttle  too  small.  If 
rre  divide  it  by  the  section  FB,  it  will  give  a  primary  vela* 
dtj  too  small,  but  not  far  from  the  truth.  Therefore  we 
ahall  get  the  height  FE,  by  means  of  which  we  shall  be 
able  to  determine  a  velocity  intermediate  between  DG  and 
CH,  which  would  correspond  to  a  weir,  as  also  the  ve* 
lodty  CH,  which  corresponds  to  the  part  of  the  section 
CA,  which  is  wholly  under  water.  Then  wc  correct  all 
tlicse  quantities  by  repeating  the  operation  with  them  in- 
stead of  nur  first  assumptions. 

M.  Buat  found  tliis  computation  extremely  near  llie 
truth,  but  in  all  cases  a  little  greater  than  observation  exhi- 
bited. 

We  may  now  solve  the  problem  in  the  most  general 
terms. 

FaoB.  IV.  Given  the  breadth,  depth,  and  the  slope  of  a 
river,  if  we  confine  its  passage  by  a  bur  or  weir  of  a  known 
height  and  width,  to  determuic  the  rise  of  the  waters  above 
the  bar. 

The  slope  and  dimensions  of  the  channel  being  given, 
our  formula  will  give  us  the  velocity  and  tlie  c[uantity  of 
water  discharged.  Then,  by  the  preceding  problem,  ih\d 
the  height  of  water  above  the  wastcboard.  From  the  sum 
of  tlicse  two  hcighLs  deduct  the  ordinary  deptli  of  the  river. 
The  renminder  is  the  rise  of  the  waters.     Fur  example : 

Let  there  be  a  river  whose  ordinary  depth  ts  3  feci,  and 
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ith  40,  and  ivhosc-skipe  k  I4  to  100  fiuboiw.  <r 
,-*-.     Suppose  ft  Aweir  on  this  river  6  feet  high,  and  ISfaa 
ride. 

We  must  first  fmd  the  velodty  and  diirttwy 
\rtr  in  us  natural  state,  we  bttve  /  >=  460  taobf 

16,  —  =  -^    Our  formuU  of  uaifonn  motion  girti  V 

^,45,  and  D  =  405216  cubic  inches. 

The  contraction  obtains  here  on  ibe  thrt*  tides  rflfcc 
rifioe.  We  may  therefore  take  J  to  t=:  tW,! .  N-  It 
*his  example  is  M.  BaaiV,  and  aH  the  measures  •«  Vrmuk 

e  have  also  a  (the  height  of  the  *eir)  72,  and  tg^ 

f2i.     TJicrcforc  the  equation  A  =  (0431    f — l) 


\J  r"  (  4-  ft)'  ^**^°^^^  30,182*  Add  this  to  the  hcjgbt 
of  the  wcir,  and  the  deptli  of  the  river  above  the  iluiceh 
102, 1  ^^2  inches,  =  8  feet  and  rt,IS2  indjea.  Fnwn  (Iris 
take  d  feet,  and  there  remain  5  feet  and  6,18ft  iDcbcs  f(X 
tJic  rise  of  the  waters. 

There  is,  however,  an  important  cipcumsiance  indi 
rise  of  the  waters,  which  must  be  distinctly  ttnderstowl  he. 
fore  we  can  say  what  arc  the  intereslingefrectsof  ihLa  weir. 
This  swell  extends,  as  we  all  know,  to  a  oonsaderable  (fi»- 
tance  up  the  stream »  but  is  less  sensible  as  we  go  away  from 
tliL'  wcir.  "What  is  the  distance  tn  which  the  swell  extcnis 
and  what  increase  docs  it  produce  in  thi-  depth  nt  dHleroit 
distances  from  tlie  weir  P 

If  we  suppose  Uiat  the  slojie  and  the  brcadih  of  Uif 

channel  remain  as  before,  it  is  plain,  tliat  as  wc     *-^»fl 

the  stream  frt;m  that  |>oint  where  the  swell  1  '*r, 

the  depth  of  the  channel  increases  all  the  way  to  the  daw. 
Thereforcj  us  the  same  iiuanlity  of  >•  '-•*' 

every  section  of  the  river,  the  vclocil}  u.v  '^' 

same  proportion  (very  nearly)  llint  iht 
But  this  being  on  o|>eti  stream,  and  thcrctbro  ihc  ttiobty 
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being  iiucpambly  connected  with  the  slope  of  the  surface, 
it  follows,  that  the  slope  of  the  surface  must  diminish  alt 
tile  way  from  that  pdnt  where  the  swell  of  the  water  is  in- 
aensblc  to  tiie  dani.  The  surface,  therefore,  cannot  be  a 
temple  inclined  plane,  but  must  be  concave  upwards,  as 
represented  in  Fig.  23,  where  FKLB  represents  the  chan- 
nel of  a  river,  and  FB  the  surface  of  the  water  running  in 
it.  If  this  be  kept  up  to  A  by  a  weir  AL,  the  surface  will 
be  a  curve  FIA,  touching  tlie  natural  surlace  F  at  the  b(^- 
gioniu^  of  the  swell,  and  the  hne  AD  which  touches  it  in 
A  will  have  the  slope  S  corresponding  to  the  velocity  which 
the  waters  have  immediately  betbre  going  over  the  wetr. 
We  know  this  slope,  because  we  are  supposed  to  know  the 
discharge  of  the  river  and  its  slope  and  other  circumstances 
before  barring  it  with  a  dam ;  and  we  know  the  height  of 
ike  dam  H,  and  therefore  the  new  velocity  at  A,  or  imme- 
diately above  A,  and  consequently  tlie  slope  S.  There- 
fore, drawing  the  horizontal  lines  DC,  AG,  it  is  plain  that 
CB  and  CA  will  be  the  primary  slope  of  the  river,  and  the 
dope  S  corresponding  to  the  velocity  in  the  immediate 
neighbourhood  of  A,  because  these  verticals  have  the  same 
horizontal  disunco  DC.  We  have  therefore  CB :  C  A  = 
S:#  very  nearly,and  S— .*:  #==CB  — CA  :  CA,  =  AB 

(nearly)  :  CA.  Therefore  CA  =  ^^,  =  o^^.  But 
DA  =  CA  X  S,  by  our  definition  of  slope ;  therefore  DA 

"^    S—s' 

This  is  all  that  we  can  say  with  precision  of  this  curve. 
&L  tiuat  examined  what  would  result  from  supposing  it 
an  arch  of  a  circle.  In  tliis  case  we  should  have  DA  ^ 
DF,  and  AF  very  nearly  equal  to  2  AD:  and  as  we  can 
thus  find  AD,  we  get  the  whole  length  FIA  of  tiie  swell, 
ood  also  the  distances  of  any  part  of  the  curvo  from  the 
primitive  surface  l-^B  of  the  river  ;  lor  these  will  Ijc  ver}' 
nearly  in  the  duplicate  projxjrlion  of  their  di»taiMX»s»  Irom 
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9*    TlNttIl>wil]be|of  AB,&(i     TlMrcfoKwedMoU 
obcun  the  depth  I  d  of  the  stmm  in  that  |dace«     Gttloe 
the  depth  of  the  stiwiiy  sod  knowing  the  dischn 
get  the  velocity,  and  cao  compoue  this  with  tlio  sli>i 
surisce  at  I.     This  should  he  the  slope  of  that  pa;  ■ 
arch  of  the  drcle.     Making  this  ooi3ipAnaon«  he  found  thM 
drcumstancea  to  be  iocomptttibk.     He  fouod  that  the  m^ 
tkm  and  svell  at  I,  corrcspfwwfing  to  an  arch  ofa  Mt, 
gave  a  diachar^e  nearly  ^tli  loo  great  (they  were  aa  40fi8U 
to  49^142).     Therefore  the  curve  ia  such,  that  AD  it 
greater  than  DF,  and  that  it  is  more  incunrated  at  P  tfaa 
at  A.     He  iound,  that  making  DA  to  DF  es  10  to  Ui^d 
the  curve  FI A  an  arch  of  an  cllijise  whose  longer  axa  us 
vertical,  would  give  a  very  nice  oarrespoodence  oflhe  «&• 
tions,  velocities,  and  slopes.     The  whole  extent  of  the  wd 
therefore  can  never  be  double  of  AD,  and  nmat  alvan 
greatly  surpass  AD;  and  these  limits  will  do  very 
every  practical  question.     Therefore  making  Dl    j.  ->' 
AD,  and  drawing  the  chord  AD,  and  making  DI  ^  of  Di, 
we  shall  be  very  near  the  truth.     Then  we  get  tl»e  atRfl 
with  sufiicient  precision  for  any  point  H  between  F  and  D, 
by  making  YU" :  FH"  =  ID*:  H  /t;  and  ii"  H  u  l^ctweoi 
D  and  A,  we  get  its  distance  from  the  tangent  DA  bra 
similar  process. 

It  only  remains  to  determine  the  swell  proc-  '  S.* 
waters  of  a  river  by  the  erection  of  a  bridgi^  •  '         >  ni^ 

lice  which  contracts  the  passo^.  This  requires  the  »■ 
luiion  of 

PiioB.  V.  Given  the  depth,  breadth,  and  s!i'»«^  '^^  -y  rv 
ver,  to  determine  the  swell  occo^ncd   by  lli.  i'l 

bridge  or  sides  of  a  cleaniag  sluice,  which  contract  ilu  |i- 
Mge  by  a  given  quantity,  for  a  given  length  of  channel 

This  swell  depends  on  two  circumstances  ; 

1^  The  whole  river  must  passt  through  a  nanx>w  spAcr. 
with  a  velocity  proponionably  increjiscd ;  and  ihi**  rwjmro 
a  certain  head  of  water  ubove  the  bridge* 
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S.  'rti€  water,  in  passing  the  length  of  the  piers  with  a 
^lociiy  greater  than  tliat  corresponding  to  the  primary 
ipc  of  the  river,  will  require  a  greater  slope  in  order  to 
[uire  this  velocity. 

Let  V  be  llie  velocity  of  the  river  before  the  erection  of 

bridge,  and  K  the  quotient  of  the  width  of  the  rircr  di. 

led  by  the  sum  of  the  widths  between  the  piers.     If  llic 

igth  of  the  pier;},  or  their  dinienbion  in  the  direction  of 

ic  stream,  ia  not  very  great,  KV  will  nearly  express  die 

aty  of  the  river  under  the  arches ;  and  if  we  suppose 

moment  the  contraction  (in  the  sense  hitherto  u&ed) 

nothing,  tlie  height  producing  this  velocity  will  be 

But  the  river  will  not  rise  so  high,  having  already 

alopo  and  velodty  before  getting  under  the  arches,  and 

V* 

the  height  correspondmg  to  this  velocity  is  3— ;  therefore 

s 
height  for  producing  the  augmentation  of  velocity  is 

. — ""sr— •     But  if  we  make  allowance  for  contraction, 

we  must  employ  a  2  G  less  than  2g,  and  we  must  multi 

ply  the  height  now  found  by  —-.      It  will  then  become 

«ff    -^)Ig'=£(K'_1).    This  is  that  part 

of  the  swell  which  must  produce  the  augmentation  of  vclo* 
cily. 

With  respect  to  what  is  uecesftary  ibr  produang  the  ad- 
onal  slope  between  the  piers,  let  p  be  the  natural  xlopc 
the  river  (or  rather  Uie  diiiereiKe  oi^  level  m  the  length 
e  piers)  before  tlie  erection  oi'  the  bridge,  and  corrc- 
ding  to  the  velocity  V  ;  K- p  will  very  nearly  express 
diiferencc  of  superficial  lev.^!  r..^  tl.,.  i,.n,rfl.  -.rtL,  i/u-rs, 
is  necessary  for  maint..  i;^'h 

the   same  length.     The  ittcreajsc  of  slope    therefore   is 
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K'p— ^=p  (K'-^l).  TbcntiiuntlMYiiole swell  wiU  be 

^+.)^ 

TOftSB  are  the  chief  quettons  or  problcnttH  ob  Uiin  mil^ 

jfict  vfaidi  occur  is  the  practseo  of  an  engineer ;  tfidik 

solutions  which  we  ha:9«  given  may  in  €vcry  cave  he  i^ 

peodbd  on  m  very  near  the  truth,  and  w«  are  fonMw* 

tkeX  the  errors  will  never  amoam  to  Ofie-firch  of  the  vhuk 

qtmotuy.     We  arc  equally  certain,  that  of  thcise  vfaocoS 

themselves  engineers,  and  who,  withonl  hesitation,  uiwier- 

takc  jobs  oi*  enormous  expense,  not  one  in  ten  is  able  even 

to  guess  at  the  result  of  5uch  operalions,  unless  the  ctrtuai- 

stADoes  of  tJie  vase  happen  to  coincide  Vriih  those  of  sane 

other  project  which  he  has  executed,  ur  has  distincdj  ex** 

m'tned ;  and  very  few  have  Uie  sagacity  and  pooeUvttMa 

necessary  lor  appreciating  the  effects  of  the  dislinguuhisig 

circomBtanocs  which  yet  remain.    The  society  c^abHshed 

for  the  encuurageuient  of  arts  aijd  uanufactuiaea  oouU 

scarcely  do  a  more  im{X)rtant  service  to  the  public  in  the 

Kne  of  their  institution,  than  by  publishing  in  t  m- 

sactions  a  descriplioa  ol'  every  work  of  this  kii»-i  ^a^«»ioc1 

in  the  kingdom,  with  an  account  of  its  perfonnance.    Tfait 

would  be  a  most  valuable  collection  of  cxperimcnta  and 

facts.    The  unlearned  practitioner  would  find  among  them 

aometliing  which  resembles  in  its  chief  csrcumstanees  *1- 

moBt  any  project  which  could  occur  to  him  in  his  ba^ncfli 

and  would  tell  him  what  to  expect  in  the  ease  under  hi* 

maoAgiemeol :  and  l\\c  intelligent  engineer,  assisted  by  ma* 

thematical  knowledge,  and  the  habit  of  chisstng  things  t»> 

gjrtinji,  would  fnKjuetitty  be  able  to  frame  general  rohi 

To  a  gentleman  qualified  «^  w-as  the  Chevalier  dc  BuA 

such  a  collection  woukl  be  mestimable,  and  might  fiii*:5«l 

a  theory  m  far  stspertot  to  hi«  as  lie  lias  gone  before 

«her  writers. 
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We  shall  omcludo  this  mticlo  Vitii  Msnc  obscrvaUons 
on  the  methods  which  maj  be  tokca  for  reiKlcring  email 
rivera  and  brooks  tit  for  miand  naTigatio&,  or  at  Wast  for 
AoaUige.  We  got  much  instruction  on  this  fAibject  fratti 
what  has  been  said  concemiag  the  awell  produced  in  * 
liver  by  weirs,  bars,  or  any  diminutioD  of  its  former  asa* 
lion.  Our  knowledge  of  the  fonn  which  the  surfooc  of 
thk  swell  affticts,  will  fumifth  rulei  for  cpocing  these  ob- 
structions in  audi  a  maiier,  aod  at  such  distances  from 
each  other,  that  the  swell  produced  bj  one  sliall  extend  lo 
the  one  above  it. 

If  we  know  tlie  slope,  the  breadth,  and  the  depth  of  a 

^er,  in  the  droughts  of  sununer,  and  have  determined  on 
le  height  of  the  flood-gateB»  or  keeps,  wliich  are  to  bo  set 

in  ita  bed»  it  is  evident  that  their  stations  are  not  nsat^ 
of  arbitrary  choicc>  if  we  would  derive  the  grealcat 
poatvble  advantage  from  them. 

Some  rivers  in  Flanders  and  Italy  are  made  navigable 
in  aome  aort  by  simple  sluioeit,  which,  being  »Uuty  form 
^Mgannea  of  water,  which,  being  diacbarged  by  opening 
gates,  raises  the  inferior  reach  enough  to  perant  the 
re  of  the  cratl  which  arc  kept  on  it.     After  this  mo- 

itary  rise  the  keops  are  siiut  again,  die  water  smke  in 
the  lower  reach,  and  the  lighters  whicb  were  floated  through 
the  shallows  are  now  obliged  to  draw  into  those  parts  of 
the  reach  where  they  can  lie  afloat  till  the  next  supply  of 
vater  from  ^bove  «fnables  them  to  proceed.  Thia  is  a  very 
rude  ami  imperfect  method,  and  UDJuitifiablc  at  this  day, 

len  we  know  the  clFect  of  locks,  or  at  least  of  double 

itea.     We  do  not  mean  lo  enter  on  the  cousidcration  tit' 

contrivances  and  to  gire  the  methods  of  their  «oi^ 

ictioB,  in  Ihia  place.*     Al  present  we  confine  ourselvte 


•  Sec  the  article  Waterwo»K3  in  this  volume,  ant!  ufeo  tljc 


for  f^thtr  tntbnnetion  on  thcw  (lohiu. 
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to  the  EUigle  point  of  husbsnding  the  dii&mit  Alls  talk 
bed  of  the  rirert  in  such  a  nwnner  iktl  there'  may  be 

c^'eiywhere  a  sufficient  depth  of  water ;  nod,  in  whai  m 
Lve  to  deliver  on  the  subject,  we  sltaU  tiike  the  (armit 
example  to  illu&trati^  the  appUcatioa  of  the  ruregtang 
rules. 

Suppose  then  a  river  40  feet  wide  and  3  iett  dcq>fli 
the  droughLH  of  summer,  with  a  slope  of  1  in  4800.  Uli^ 
by  the  formula  of  uniform  motion,  will  fajiYc  a  velodtf 
V  "=  ^1  tncheK  per  neoond,  and  its  diadiarge  will  be 
405316  cubic  inches,  or  ^34j  feet.  It  is  proposed  to  ffn 
this  river  a  depth  not  less  than  five  feet  in  any  place,  hj 
means  of  flood-gates  of  six  feet  high  and  18  feet  wkic; 

We  first  compute  tlie  height  at  which  this  body  ofSSIl 
cubic  feet  of  water  will  discliarge  itself  over  the  duod-gataa 
This  we  shall  find  by  Prob.  II.  to  be  30i  inches  to  wbidi 
adding  7S,  the  height  of  the  gste«  we  hava  102)  for  tbe 
whole  height  of  the  water  above  the  floor  of  the  gate;  itx 
primitive  depth  of  the  river  being  3  feel,  ilie  rise  or  swdl 
5  feet  6  J  inches.  In  the  next  place,  we  find  the  lange  cr 
sensible  extent  of  this  swell  by  Prob.  I.  and  the  obaerta* 
tiuns  which  accompany  it  ThiH  will  be  found  to  be  oetF- 
ly  9177  fathoms.  Now  since  tlie  primitive  depth  oCthe 
river  is  three  feet-,  tliere  is  only  waiited  two  feel  of  ad^ 
tion  ;  and  the  question  is  reduced  to  the  finding  what  point 
of  the  curved  surface  of  the  swell  is  two  feet  above  tbe 
tang^t  plane  at  tlie  head  of  tlie  swell  ?  or  bow  far  this 
point  is  from  the  gate?  The  whole  extent  being  9177 
fnthoniA,  and  the  deviations  from  tbe  tangent  plaiK  bciog 
nearly  in  the  duplicate  ratio  of  the  distances  from  the  pool 
of  contact,  we  may  mstitute  this  proportion  6G4:24a 
9177^:5520'^.  The  last  term  is  the  disUnce  (from  the 
bead  of  the  swell)  of  tliat  part  of  ihe  surlace  whidi  is  Im 
feet  above  the  primitive  surface  of  the  river.  Therefore 
9177  —  55!e<>,  or  3651  fathoms,  is  the  distance  of  id  - 
from  the  iluod-gatc  ;  and  this  is  tliu  ilistauce  at  a'hiUi  uiv 
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slujutii  be  placed  fcon  each  oilier.  No  inconveoi* 
ence  would  arise  ^m  having  them  nearer,  if  the  boiiks  be 
high  enough  to  conuiin  the  waters ;  but  if  they  are  farther 

itant,  the  required  depth  of  water  cannot  be  bad  wiih- 

it  increasing  the  heig[it  of  the  gates  ;  but  \£  reasons  of 
oonveniency  should  induce  us  to  place  them  nearer,  the 
some  depth  may  be  secured  by  lower  gates,  and  no  addi- 
ticnal  height  will  be  required  for  the  banks.  This  is  ge- 
nerally a  matter  of  moment,  because  the  robing  the  water 
boiogs  along  with  it  tlie  chance  of  flooding  the  adjoining 
fields.  Knowing  the  place  where  the  swell  ceases  to  be  seii- 
Sible,  wc  can  keep  tlie  top  of  the  intermediate  Hood-gate 
at  the  precise  height  of  the  curved  surface  of  the  swell  by 
means  of  the  pro]xjrtionality  of  the  deviations  from  tlie 
tangent  to  the  distances  from  the  point  of  contact. 

But  this  rule  will  not  do  for  a  gate  which  is  at  a  greater 
distance  from  the  one  above  it  than  the  3651  fathoms  al- 
ready mentioned.  We  know  that  a  higher  gate  is  required, 
producing  a  more  extensive  swell;  and  tlie  one  swell  does 
not  coincide  with  the  other,  although  they  may  both  begin 
fhxn  the  same  point  A  (Fig.  23.)  Nor  will  the  curves 
even  be  eimrlar,  unless  the  thickness  of  the  sliect  of  water 
flowing  over  tlie  gate  be  increased  in  the  same  raUo, 
But  this  is  not  the  case;  because  the  produce  of  tlie 
river,  and  therefore  the  thickness  of  tlie  sheet  of  water,  is 
oonsiant. 

But  we  may  suppose  Uicm  ^milar  without  (irring  more 
than  two  or  three  decimals  of  an  inch  ;  and  then  we  sliall 
have  AF:  AL  =  fF:DL;  irom  which,  if  wo  take  the 
thicJiness  of  the  sheet  of  water  already  calculated  for  the 
other  gates,  there  will  remain  the  hciglit  of  the  gate  BL*^ 

By  following  tlicse  methods,  instead  of  proceeding  by 
guesses,   we  shall  procure  the  greatest  depth  of 

tcr  at  file  smallest  expense  posuble.  * 

But  there  is  a.  circumstance  whicli  mu^l  be  attended  (x>, 
and  whicl),  if  neglected,  may  in  a  short  time  render  all  our 
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woriuttsdesi.    Tbne  gates  muft  fivqncalty  beapaii 
the  time  a£  fretbcs ;  aikI  as  thb  cfaumel  then  ha*  it«  iiit»- 
fil  fllopo  increaaed  in  every  ranch  by  the  grant 
nf  the  secboD  in  th«  gntcs,  lad  abo  rails  aloag  a 
body  of  water,  \ho  menaa  of  the  sUubbi  on  its  bed  nunc  hv 
ineroAfled  by  the  aogmentmioa  of  Tekicity  which  thee  dib 
cttflMtanoes  will  pvoduce )  mad  ahfaoiigh  wv  waay  mj  Chtf 
thi  geBeni  alope  is  mMeasarily  seoKred  by  the  oils  c£  the 
ioed-gates,  which  are  pavod  with  sIpim  or  oprtd  with 
fhaks^  yet  this  will  not  hinder  tliis  mcreflaed  current  (nn 
digging  up  the  buttom  in  the  intervala,  OBdanaming  tk 
btttkBy  and  lodgimg  the  mud  and  earth  thus  casnisd  oCk 
places  where  the  current  meets  with  any  check.     All 
Odttsequencea  will  a&!;ured]y  follow  if  tba  JBCKMed  y 
is  greater  than  wbal  cura^punds  to  ths  ngioKii  r%latff«|s 
the  8<^  in  which  the  rirer  holds  on  its  coane.  ^H 

In  order  tlierefore  to  procure  duralnhty  to  works  of  ths 
kind,  which  are  genaiUly  of  enomous  exfoma,  the  hoi 
ctrcumMances  muBt  be  most  scnipoknisly  studiod,  U  is 
not  the  ordinary  hurried  survey  of  an  eagiDcer  thai  wilt 
fVeetis  from  the  risk  of  our  navigatkio  bseonHOg  tof 
troublesome  by  the  rise  of  the  waters  being  diiatmshod  itvm 
their  former  quantity,  and  banks  fbrasd  ata  small  liiiiaag 
below  every  sluice.  We  must  attentively  stndy  the  aatoff 
of  the  soil,  and  discover  experimentally  the  vekKSly  whidi 
is  not  inconsistctii  with  the  permanency  of  tlie  channel  If 
this  be  not  a  great  deal  leas  than  that  of  the  river  whco  sc- 
cderatcd  by  freshes,  the  regimen  may  bo  presorvad 
the  establiBhnienl  of  the  gate,  and  no  gtaat  ohaogca  m 
channel  will  be  necessary :  but  if,  on  the  other  haadf  ihi 
natural  velocity  of  the  rivers  during  its  Ireshas  greatly  i» 
ceeds  what  is  consistent  with  stabiltty,  wemuat  calarga  th^ 
width  of  the  channel,  that  we  may  dinunish  tfar  bydsaafe 
mean  depth,  and  along  with  this  the  vdddiy;  Therefern 
knowing  the  quantity  disdiarged  during  the  £mhc*s,  divide 
it  by  the  velocity  of  regimen,  or  rather  by  a  velocity 
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'hicb  will  appear  by  and  by), 


greater  (for  a  nm 
qootieut  will  be  the  area  of  a  new  section.  Then  tafei 
the  nattiral  ilope  of  the  rirer  for  the  slope  which  it  wiU 
fMwterve  in  thi«  enlarged  channel,  and  a£ter  the  cills  of  the 
flood-gate*  have  been  Bxcd,  we  must  caleuktc  the  hydraulic 
mean  depth,  and  then  the  other  <^aMIMbB»  of  tlie  channel. 
Andy  lastly,  from  the  known  dimensions  of  the  cliannel 
and  tlie  discharge  (which  we  must  now  compute),  we  pro- 
ofed to  calculate  tlie  height  and  the  distances  of  the  fiood- 
gatei^  adjusted  to  their  widths,  which  must  be  regulated  by 
the  room  which  may  be  thought  proper  for  the  free  paa- 
sage  of  the  lighters  which  are  to  ply  on  the  river.  An 
example  will  illustrate  the  whole  of  tliis  process. 

Suppose  then  a  small  river  having  a  slope  of  2  indies  in 
ItKK)  ialhoms,  or  j^'j^,  which  is  a  very  usual  declivity  of 
Mich  small  streams,  and  whose  depth  in  summer  is  2  feet, 
but&ubject  to  floods  which  raise  it  to  9  feet  Let  its 
breadth  at  the  bottom  be  18  feet,  and  the  huMi  of  its  slant* 
ing  sides  i  of  Uicir  height.  All  of  these  dimensions  are 
very  conformable  to  the  ordinary  course  of  things.  It  is 
proposed  to  make  this  river  navigable  in  ail  seasons  by 
meaos  of  keeps  and  gates  placed  at  proper  distances  ;  and 
ve  want  to  know  the  dimensions  of  a  channel  which  will 
be  prnnuuent,  in  a  soil  which  begins  to  yield  to  a  velocity 
of  60  incJies  per  second,  but  will  be  safe  under  a  velocity 
of  534. 

The  primitive  channel,  having  the  properties  of  a  rectan- 
gular  channel,  its  breadtii  during  the  freshes  must  be  B  = 
do  feet,  or  360  indies,  and  its  depth  h  9  feet,  or  108  inches ; 

R  h 

therefore  its  hydraulic  mean  depth  d  ==  „    ^t    =   61,88 

indies.  Its  real  velocity  therefore,  during  the  freshes,  will 
be  38,9447  inches,  and  it«  discharge  15141G9  cubic  inches, 
or  870i  cubic  feet  per  secoucL  We  see  ilierefore  iJiat  the 
natural  channel  will  not  be  pcrmanrnly 
inickly  destroyed  or  cbaiigeil  by  Uiis  great 
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have  two  cocthods  for  procuring  stnbiiity,  vis, 
the  slope,  or  widening  the  bed.  The  first  mctJkud  wiD  it- 
quire  the  course  to  be  len^liiefial  in  the  proportioD  of  34*' 
t*>39S8%  or  nearly  of  J(i  to  llK).  The  expense  ul  tbe. 
would  Ik  enormous.  The  second  lucLhod  will  r»|tti9 
the  bydrauJic  mean  depth  to  be  increased  nei^j  in  tW 
same  proportion    (because   tlio    velocities  Are  nearly  m 

z.  I   This  will  evidently  be  much  less  costly,  and,  «n« 

procure  convenient  room  for  the  navigatioo,  nniirt.  U 
preferred. 

We  must  now  observe,  that  the  great  velocity,  of  wUdb 
wc  are  afraid,  obtains  only  during  the  winter  flooda.    V 

erefore  we  reduce  tliis  to  S4i  inches,  it  must  happen  thnl 

e  autumnal  freshes,  loaded  with  sand  and  mn^  —  "  rrf* 
tainly  deposite  a  part  of  it,  and  clioke  up  our  t^h  .  .09 

the  flood-gates.*  We  must  therefore  select  a  mean  velocky 
somewhat  exceeding  the  regimen,  that  it  mny  cnrrj*  off  ihae 
depositions.  We  shall  take  27  inches,  which  will  inroduce 
this  effect  on  the  loose  mud  without  endangering  our  chan- 
nel in  any  remark  nble  degree. 

Therefore  we  have,  by  the  theorem  for  uniform  mocion, 

==27.-    g97(^^-0>I)_ni^r4/T,i>,l>,     Cafcn. 

ting  the  divisor  of  this  formula,  we  find  it  =  55,68i> 
J-d  ^  0,1  =  -^^ — =  5,3843,  ami  thc«. 


th 


Hence 
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—  0,3 


55,8B4 

lore  d^  ^12'     Having  thus  determined  the  fayi 

lean  depth,  we  find  tlie  area  S  of  the  section  by  dividing 

\e  discharge   1514169  by  the  velodty  27.     Thb  pf» 

IB  56080,368.     Then  wc  get  the  breadth  B  by  the  lo^ 

mula  formerly  given,  ,B  =^     /(~j) 2  ^ 


■■■aHiHHH 


b^ 
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or  190^19  tot,  ffid  the  defnh  A 


€f  dw  aectJoti  w«  arc  ccttam  thai 
wiQ  be  fMraMMnt ;  and  the  ctib  of  the  Aood* 
bciQg  all  fixed  MgrteMt  to  th«  primkm  dopes  m 
need  not  fear  tiiat  it  irill  be  changed  in  xht  tntcrvaU  by 
ofthecorrem.  The  gates  bang  all  open  during 
d»e  buttom  vitl  be  dearod  of  all  depomlcd  imid. 
We  must  now  station  tlic  flood-gates  along  ihe  new  chatw 
fttl«  at  such  distances  that  we  may  have  the  dqith  of  wa- 
ter  wluch  is  proper  for  the  lighters  that  arc  to  !v  employed 
in  the  navigation.  Sup|)ose  this  to  be  four  feoL  Wo 
must  first  of  all  learn  how  high  the  water  will  be  kept  in 
this  new  channel  during  the  summer  elmiight!*  Then»  rts 
mtuned  in  the  pr'miilive  channel  only  *2  feet,  mid  the  nee* 
tkm  in  this  case  hod  J20  feet  R  inches  mean  width ;  and  the 
discharge  corres{x>nding  to  this  section  and  slu|>c  of  ^  (,*o  j, 
is,  by  the  theorem  of  uniform  motion,  130,840  cubic 
igcbes  per  second.  To  find  the  depth  of  water  in  the  new 
^■bnel  corresponding  to  tht<s  discharge,  and  the  satne  slctfK*, 
ilto  must  take  the  method  of  np])roMmnti(Mi  fonu-    '  i- 

pltfied,  reniembenng  that  the  diflcliargc  D  1h  l^^u...,/.  ...ul 
tbt  breadth  B  is  1760,8  at  the  bottom  (the  slant  sitlcs  l>o- 
^b|).  These  data  will  produce  a  depth  of  woter  -  ((} 
^■Ka*  To  obtain  four  fc-ct  therefore  iKhind  any  of  the 
Hkd-gaies,  we  must  have  a  sweU  of  41:)  inches  produced 
by  the  gate  below. 

We  must  now  determine  the  width  of  passage  whii-h 
must  be  given  at  the  gates.  This  will  regulate  the  thick- 
ness otf  the  ftheet  of  water  which  flows  over  them  when  iihut ; 
asid  this,  with  the  height  of  the  gate,  fixes  the  swell  at  thi 
The  extent  of  this  swell,  and  the  rlrration  of  every 
It  of  iu  curved  wrfaoe  abore  the  new  aurface  of  llur 
r,  roquirea  a  combmtioa  of  the  hogfat  of  swell  at  th« 
with  the  primitive  slopa  md  the  nrw  vdocsty* 
ipotcfl,  the  ilationa  of  the  ggUa  may  be 

EK  which  win  tettm  ^ur  feet  of  waier  hnMiu  MMi 
ti.  9  m 
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in  summer.    We  need  not  give  these  oomputttiaai)] 
already  exemplified  them  all  with  relation  to 

This  example  not  onlj  illustrates  the  metfaodof  ] 
ing,  60  as  to  be  ensured  of  success,  but  also  giva  vi] 
dse  instance  of  what  must  be  done  in  a  cw 
but  frequendy  occur.  We  see  whatapradtigiousi 
is  necessary  in  order  to  obtain  penmmencj.  We^ 
been  obliged  to  enlai^  the  |»tniitive  bed  to  sbmtl 
its  former  size,  so  that  the  excavation  is  at  least 
of  what  the  other  method  required.  The  expeasr^ 
ever,  will  still  be  vastly  infenor  to  the  other,  both  I 
the  nature  of  the  work  and  the  quantity  of  ground  < 
{ned.  At  all  events,  die  expense  is  enormous,  aadw 
could  never  be  repaid  by  the  navigation,  except  intl^ 
rich  and  populous  country.  * 

There  is  another  drcumstance  to  be  attended  to^l 
navigation  of  this  river  by  sluices  must  be  very  deidHi 
imless  they  are  extremely  numerous,  and  of  small  bd^ 
The  natural  surface  of  the  swell  being  concave  upva 
the  additions  made  by  its  different  parts  to  the  prin 
height  of  the  river  decrease  rapidly  as  they  approach  tt 
place  A  (Fig.  S3.),  where  the  swell  terminates  ;  and  t 
gates,  each  of  which  raises  the  water  one  foot  wlien  pi 
at  the  proper  distance  from  each  other,  will  raise  the  i 
much  more  tlian  two  gates  at  twice  this  distance, 
raising  the  water  two  feet.  Moreover,  when  the  elev; 
produced  by  a  flood-gnte  is  considerable,  exceeding  a 
few  inches,  the  fall  and  current  produced  by  the  ope 
of  the  gate  is  such,  that  no  boat  con  possibly  pass  u] 
river,  and  it  runs  imminent  nsk  of  being  overset  and  i 
in  the  attempt  to  go  down  the  stream.  This  renden 
navigation  desultory.  A  number  of  lighters  collect  t 
selves  at  the  gates,  and  wait  their  opening.  They 
through  as  soon  as  the  current  becomes  moderate. 
would  not,  perhaps,  be  very  hurtful  in  a  regidated  ok 
tion,  it'  they  could  dion  proceed  on  their  voyage.  Bu 
boats  boimd  up  the  river  must  stay  on  the  upper  m 
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t  which  they  have  just  now  passed,  because  the 
jftpow  too  sliallow  for  them  to  proceed.  Those 
^^  the  river  can  only  go  to  the  next  gate,  unle&s 
RFopened  at  a  lime  nicely  adjusted  to  the  open- 
e  one  above  it.  The  passage  downwards  mm/,  in 
169,  be  continued,  by  very  intelligent  and  attentive 
but  the  passage  up  must  be  exceedingly  tedious. 

Rsay,  that  tehU^  the  passage  downwards  is 
is  but  in  a  very  few  cases  that  t]ic  passage 
eticabic.  If  we  add  to  these  inconvenieiux*9 
i  danger  of  passage  during  the  fresbvs,  while  all 
^are  open,  and  the  immense  and  unavoidable  ao- 
(QS  of  ioe,  on  occasion  even  of  slight  frosts,  we 
ihat  this  method  of  procuring  an  inland  uaviga- 
ftz'mgiy  expensive,  desultory,  tedious,  and  hazard- 
did  not  therefore  merit,  on  its  own  account,  the 
iwe  have  bestowed  on  it.  But  the  discussion  was 
t  necessary,  in  order  to  show  wliat  must  be  done 
[O  obtaui  efFect  and  permanency,  and  thus  lo  pro- 
rom  engaging  in  a  project  which,  to  a  person  not 
iconfidently  informed)  is  so  feasible  and  promising. 
Hfessional  engineers  are  ready,  and  with  honest 
ly  to  undertake  such  tasks  ;  and  by  avoiding  this 
bxpcnae,  and  contenting  themselves  with  a  much 

channel,  they  succeetl  (witness  llie  old  naviga- 
e  river  Mersey).  But  the  work  has  no  duration  ; 
paving  been  found  very  serviceable,  its  cessation 
ler  of  much  regret. 

not  a  very  refined  thought  to  change  this  imperfect 
another  free  from  moat  of  its  inconveniences.  A 
brought  up  tlie  river,  through  one  of  these  gateSy 
posing  the  waters  of  the  inferior  reach,  and  de^ 
bosc  of  the  upper :  and  it  could  not  escape  ob- 
I  that  when  the  gate>i  were  liir  asunder,  a  vast 
jratcr  must  be  di^icharged  before  '  1 

I  that  it  would  be  a  gn   '  .    ■ 

jwith  a  very  small  li 
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very  sinaU  quantity  of  water  would  fill  the  itttErral  to  tlic 
desirod  hcighit  and  allow  the  Ixxit  to  cnmc  tlinni^  ;  ad 
this  thought  was  the  tnore  obvioini  from  a  nnuUr  pnctiee 
having  preceded  it,  viz.  that  of  n»vipn'i- —  ^-niall  riv«liy 
means  iA'  double  bars,  the  lowest  of  .y  Rol  la  Ur 

bottom  of  the  river,  but  could  be  niaed  up  an  inDj;c&  Wf 
have  mentioned  this  already  ;  and  it  appears  to  hare  bofli 
an  old  practice,  being  mentioned  by  Stevinus  in  fats  vak^ 
able  work  on  sluices,  published  about  tJie  begmotng  of  lk 
last  century ;  yet  no  trace  of  this  method  is  to  be  fpottlrf 
much  older  dates.  It  occurred,  however,  amdtBOStfi 
pretty  often  in  the  flat  countries  of  Holland  and  FbakOf 
which  being  the  seat  of  frequent  wars,  alrocMt  every -W"» 
and  village  was  fortified  with  wet  ditches,  oonnectcd  wA 
the  adjouiing  rivers.  Stevinus  mentions  pwticularly  ihf 
works  of  Condo,  as  having  been  long  employed,  with  gntf 
ingenuity,  for  rendering  navigable  a  very  long  Btrrfd!  rf 
die  Scheldt.  The  boats  were  nxcivcd  into  die  lower  pw 
of  the  fosse,  which  was  separated  from  the  rest  by  atfflv 
batardpAu,  serving  to  keep  up  the  waten  tn  the  n^ 
of  the  fosse,  about  eight  feet.  In  this  vaa  a  altiioc  tfMl 
another  dam,  by  which  the  boats  could  be  takrti  iib> 
die  upper  fosse,  which  communicated  widt  a  recnate  pX 
of  the  Scheldt  by  a  long  canal.  This  appears  to  be  oor 
of  die  earliest  locks.* 

In  the  hrst  attempt  to  introduce  this  iraprovemeDt  b  ill* 
navigation  of  rivers  already  kept  up  by  weirs,  wLkih  ^w 
a  partial  and  interrupted  navigation,  it  was  ustaJ  to  fio^ 
the  great  expense  of  the  second  dam  and  gate,  by 
the  lock  altogether  detached  from  the  river,  within 
and  having  its  basin  parallel  to  the  river,  and  eominia*' 
eating  by  one  end  with  the  river  above  the  weh',  and  by 
the  other  end  with  the  river  below  the  weir,  and  hatiif 
a  flood-gate  at  each  end. — This  was  a   roost  ingcnoi' 


*  A  very  tnU  History  of  Locks,  Sec.  w]U  be  ftMad  to  the  %vt> 
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thoaght ;  and  h  was  a  prodigious  improvement,  fret  from 
dl  the  incoavcniences  of  currents,  ice,  &c.  &c.  It  was 
called  a  Schltusdi  or  lock,  with  oonsic|crabIe  propriety ; 
and  this  was  the  origin  of  the  word  sluice^  and  of  our  aj>- 
plication  of  its  translation  lock.  This  practice  being  once 
introduced,  it  was  not  long  before  engineers  found  that  a 
eomplcte  separation  of  the  navigation  from  the  bed  of  tlic 
iiTer  was  not  only  the  most  perfect  method  for  obtaining 
m  8Ut^  Cflflys  and  uninterrupted  navigation,  but  that  it  was 
fal  general  the  most  economical  in  its  first  construction,  and 
iiDbject  to  no  risk  of  deterioration  by  the  action  of  the  cur- 
Tcnl,  which  was  here  entirely  removed.  Locked  canals, 
therefore,  have  almost  entirely  supplanted  all  attempts  to 
improve  the  natural  beds  of  rivers ;  and  this  is  hardly  ever 
atteinjited  except  in  the  flat  countries,  where  they  can 
hardly  be  said  to  differ  from  horizontal  canals.  We  there- 
fort  dose  with  these  observations  this  article,  and  refer  for 
the  construction  of  canals  and  locks  to  the  following  article 
cm  Watkr- Works.* 

*  Our  readers  will  probAbly  he  pleased  wiih  the  following  list  of 
flnthom  who  have  treatctl  professedly  of  the  liioUoiis  of  rivers :  Gug- 
Uelxxuni  De  PluviU  et  OutcUis  Atjuamm — Danuhius  Ulu^tratvs;  Gran- 
di  lie  CnsttUis  ;  Zendrini  J^e  Afotu  Aquarum  ;  Fririus  TV  Flnviu  ; 
l*cchi  fdrMstaiica  i  IdtauUca  ;  Midielotti  Speri9n:ie  ItfratJich^  ;  Bc- 
H|Bi^S  Architecture  Hydrautiqve ;  Bossut  Uydmdtfnamiqttc ;  Biiot 
PH^Irttu//j^  ;  Silberschlog  Thevrie  dtt  Fleuvi^*  ;  lMire$  de  M.  L'Ejri* 
TiWkt  an  P,  Frifi  Tvuchant  ta  Thcvrie  dts  Flevvcs  ;  Tahlran  des  prin* 
rifjolts  litnierns  Ju  jMotiJe,  par  Geoette' ;  Stevins  iur  Us  Ft'ltM.* ; 
TmiU  des  Ecitues,  par  BouJard,  qui  a  remporU  tc  Prix  dc  i'Acad,  dc 
JL^ons  ;  filelswyck  DitSertaiio  de  Ajg^cribM  ;  Bossut  et  Vi&Uet  Mur  /a 
Gftuf ruction  des  Digiies ;  Stevia  Hf/dnvtatica  ;  Tielman  van  dcr 
liorst  TKeainim  Machinarvm  Uniitersale  ;  Ue  La  1-aude  sur  Ics  Cu- 
*aax  de  Navigation  ;  llaoolta  di  Autori  cHi  Traltano  del  Mofo  deW 
Aeiguf,  3  torn.  -itOj  Firenza,  17^3. — This  moet  valuable  coUeciioa 
GODtJuna  the  writings  of  Archimedes^  Albizi,  Galileo*  CafiteUi.  Mi* 
chi'Htii,  Burclli,  Muntaiiarij  Viviuni,  Casstnij  Guglielmhii,  Gnuull. 
Manfrciiij  Picard,  and  Kanlact ;  and  on  account  of  tlie  nnmb«ri^' 
worku  which  here  bceu  carried  on  in  tlic  embankuKnit  of  (^ 


WATER-WORKa 


Under  this  name  may  be  comprefaended  almost  evoj  1^ 
draulic  structure  or  contzivance ;  such  as,  caiials»  eimidl^ 
locks,  mills,  watcr^ngincs,  &c.  But  they  may  be  cmn^ 
nicntly  arranged  under  two  general  heads,  l«f,  Wob 
which  have  for  their  object  the  conducting,  raiaiig,  m 
otherwise  managing,  of  water ;  and,  2d^,  Works  vW 
derive  thdr  efficacy  from  the  impulse  or  other  aconrf 
water.  The^rf^  class  comprehends  the  methods  of  niflf 
conducting  water  in  aqueducts  or  in  pipes  lor  the  wtfj/^ 
of  domestic  consumption,  or  the  working  of  machiaaj;  I 
comprehends  also  the  methods  of  procuring  die  ^tfffl^ 
necessary  for  these  purposes,  by  means  of  pompih  «HL 
or  fire-engines.  It  also  comprehends  the  subseqaniMi 
nagcment  of  the  water  thus  conducted,  whether 
make  the  proper  distribution  of  it  according  to  the 
or  to  employ  it  for  the  purpose  of  navigation,  fay 
other  contrivances.— And  in  the  prosecuticm  of  theK 
many  subordinate  problems  will  occur,  in  which 
will  derive  great  advantages  from  a  scientific  aoquainimoe 
with  the  subject. 

CLASS  I. 

1 .  Of  the  conducting  of  Water. 

This  is  undoubtedly  a  business  of  great  importance^  nd 
makes  a  principal  part  of  the  practice  of  the  civil  engineer: 
it  is  also  a  business  so  imperfectly  understood,  that  we  be- 
lieve that  very  few  engineers  can  venture  to  say,  «idi  •>». 
lerable  precision,  what  will  be  the  quantity  of  water  «llkll^ 
his  work  will  convey,  or  what  plan  and  dimeuiom  if  e^  , 
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duit  will  convey  the  quantity  which  may  be  proposed.  For 
proof  of  tliis  we  etuill  only  refer  our  readers  to  tlie  facts 
mentioned  in  tJie  arLtclc  Hivens. 

In  that  article  wu  have  given  a  sort  of  history  of  the  pro- 
gress of  our  knowledge  in  hydraulics,  a  branch  of  mechani- 
cal philosophy  which  seems  to  have  been  entirely  unknown 
to  ttic  ancients.     Even  Archimedes,  the  author  of  almost 
all  that  we  know  in  hydrostatics,  seems  to  have  becJi  entire- 
ly ignorant  of  any  principles  by  which  he  couJd  determine 
ibe  motion  of  water.     The  meclianical  science  of  the  an- 
cients seems  to  have  reaehed  no  fartlier  than  the  doctrine 
of  equilibrium  among  bodies  ai  rest.     Guglielmini  first 
ventured  to  consider  the  motion  of  water  in  open  canals 
and  in  rivers.     Its  motion  iu  pipes  had  been  partially  con- 
sidered in  detached  scraps  by  others,  but  not  so  as  toniakc 
a  body   of  doctrine.     Sir  Isaac  Newton  tiral  endeavoured 
to  render  hydraulics  susceptible  of  matJiematical  demon- 
stration :  but  lus  fundamental  projiositiun  has  not  yet  bee4i 
freed  from  very  serious  objections ;  nor  have  the  allcmpts 
of  liis  successors,  such  as  the  Bernuuillis,  Euler,  D'Alem- 
berti  and  others,  been  much  more  successful ;  so  that  hy- 
draulic!^  may  stilt  be  considered  as  very  impertcet,  and  the 
general  conclusions,  which  we  are  accustomed  to  receive  as 
fundamental  propositions,  arc  not  much  better  than  matters 
of  observation,  httle  supported  by  principle,  and  therefore 
requiring  the  most  scrupulous  caution  in  the  application  oi 
them  to  any  hitherto  untried  case.      When  experiments 
arc  multiplied  so  as  to  include  as  great  a  variety  of  coses 
OS  jKJssible,  and  when  these  are  cleared  oi*  extraneous  cir- 
cumstances, and   proj>erly  arranged,  we  must  receive  the 
conclusions  drawn  from  tlicm  as  the  general  laws  of  by* 
draulics.     The  ex|)eriuients  of  the  Abbe  Boesut,  narrated 
in  liis  I/t/drodt/iutmifjue,  ore  of  the  greatest  value,  having 
bLcn  made  in  the  cases  of  most  general  frequency,  and  being 
made  with  great  care.     The  greatest  service,  however,  has 
been  done  by  the  Chevalier  Bual,  who  saw  the  folly  of  at- 
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CoBiptiiig  lu  deduce  dft  accuMte  tbeotjr  Ihui  any  pciobpl* 
that  we  have  as  yet  iearacd^  and  the  neceeaity  of  adbchst; 
to  such  B  theory  as  cxinld  be  deduced  frf>oi  expenoiioi 
alone,  independent  of  any  more  gencnl  pnufisplca.  Sock 
a  theory  must  be  a  just  one,  if  the  experimeou  are  reiDjr 
genera],  unaiTected  by  the  particular  arcutngtanmi  of  tht 
GOMSf  and  if  the  classes  of  experiment  are  suffictesilly  on^ 
prehennve  to  include  oil  the  cases  which  occiu  hi  ihc  nkflt 
important  practical  quesUons.  Some  principle  was  necs* 
sary,  however,  for  connecting  those  experiments.  Hw 
sufficiency  of  this  principle  was  not  easily  asoertained*  M. 
Buat^s  way  of  establishing  this  was  judicious.  If  the  priiw 
ciple  is  ill-founded,  the  results  of  its  combimiiion  in  oua 
of  actual  experiments  must  be  irregular ;  Init  if  experi- 
ments, bieeniingly  very  unlike,  and  in  a  vast  variety  of  ffil- 
amilar  cases,  give  a  train  of  results  which  is  extremdy  f^ 
gular  and  consistent,  we  may  presume  tliat  the  principlftr 
which  in  this  manner  harmonizes  and  recoDciles  thingi  to 
unhke,  is  founded  in  the  nature  of  tilings ;  and  if  thi*  prm- 
dple  be  such  as  is  agreeable  to  uur  clearest  notiotiB  of  the 
internal  mechanism  of  the  motion  of  fluids,  our  prcsuiap- 
tion  approaches  to  conviction. 

Proceeding  in  this  way,  the  Chevalier  Buat  kaa  coUeet- 
cd  a  prodigious  number  of  facts,  comprehending  alnori 
every  case  of  the  motion  of  fluids.  He  first  iiiifd  thca 
according  to  their  resemblance  in  some  one  porticQbr,  asd 
obsonred  the  differences  which  accompanied  their  dilKo^ 
ences  in  other  circumstances ;  and  by  con^dcring  what 
could  produce  these  differences,  he  obtri^-^  *:mcral 
deduced  from  fact,  by  which  these  <'■•■■  ■■<.■»  could 
made  to  fall  into  a  regular  series.  He  then  arranged  sO 
the  experiments  under  some  other  circumstance  of  roacs* 
blance,  and  pursued  the  same  method ;  and  by  foBovkig 
this  out,  he  has  produced  a  general  proportion,  which  ap- 
plies to  the  whole  of  this  numerous  li&t  of  experiments  wtik 
a  precision  far  exceeding  our  utmost  hopes.     This  profMV 
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ntaoD  18  ccmtoincd  in  the  article  Ritkhs,  and  is  there  o(^ 
tend  as  one  of  the  most  valuable  rcHuhs  of  modem  science. 

We  must,  however,  observe^  that  of  this  list  of  cxperi- 
BicntB  there  \s  a  very  large  class,  which  is  not  direct,  but 
requires  a  good  deal  of  reflection  to  enable  us  to  draw  a 
ooDfident  conclusaon  ;  and  this  is  in  cases  which  are  very 
frequent  and  important,  viz.  where  the  declivity  is  exceed- 
ingly smally  as  in  open  canals  and  rivers.  The  experiments 
were  of  the  following  forms  :  two  large  cisterns  were  made 
to  communicate  with  each  other  by  means  of  a  pipe.  The 
surfaces  of  the  water  in  these  cisterns  were  made  to  differ 
ooly  by  a  small  fraction  of  an  inch :  and  it  is  supposed 
that  the  motion  in  the  communicating  pipe  will  be  the 
same  as  in  a  very  long  pipe,  or  an  open  canal,  having  this 
very  minute  declivity,  Wc  have  no  difficulty  in  atlmitting 
the  conclusion  ;  but  we  have  seen  it  contested,  and  it  is  by 
no  means  intuitive.  This,  however,  need  not  occasion  any 
hesitation  in  the  adoption  of  M.  Buats  general  proposition, 
because  the  experiments  which  we  are  now  criticising  fall 
In  prtxisety  with  the  general  train  of  the  rest,  and  show  no 
gtnerai  deviation  which  indicate  a  fallacy  in  principle. 

We  apprehend  it  to  be  quite  unnecessary  to  add  much 
to  what  has  been  ab'eady  delivered  on  the  motion  of  wa- 
ters in  an  open  canal.  Their  gaural  progressive  moUon, 
and  consequently  the  quantity  delivered  by  an  aqueduct 
of  any  slope  and  dimension,  are  sufficiently  determined ; 
and  all  tliat  is  wanted  is  the  tables  which  we  promised  in 
the  article  Uiveks,  by  wliich  any  person  who  understands 
common  arithmetic  may  compute  the  quantity  of  water 
which  will  be  delivered  by  the  aqueduct,  canal,  conduit,  or 
pipe.  We  Uicrefoj'e  tuke  this  oppartimity  of  inserting  these 
tables,  wliicli  have  been  computed  for  this  article  with  great 
labour.* 


*  All  the  following  TahlcBj  reooiiipuUrd  and  greatly  cxlciitlnl  by 
Air  Louriis  will  be  fouutl  in  ilic  Kdinbuach  Eiic\cLOT.tviA,  vul. 
XL  |>«  MO,  Art.  HvoftOpyNAMicii.— Ed. 
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89 

0.95387 

390 

1.88435 

47 

ac»135 

89 

0.B56I9 

400 

1.334V18 

48 

0.09668 

90 

0-83909 

410 

1.83647 

¥t 

0.70886 

91 

0.86199 

480 

1.S4232 

M 

0.70749 

92 

0.H6463 

430 

1.84905 

61 

0.7(865 

9S 

f>.8fi741 

440 

I.853ti0 

£< 

0.71767 

94 

0.87017 

450 

1.85903 

53 

0.72863 

95 

0.97286 

460 

1.86433 

U 

a7874fl 

96 

0.87552 

470 

1.86951 

AA 

0.73283 

97 

aH7919 

4H0 

1.87401 

5« 

a73n95 

98 

aB8076 

490 

1.87957 

51 

0.74155 

99 

0.98339 

500 

1.28445 

m 

0.7W.01 

100 

0.98593 

510 

1.28983 

59 

0.75043 

^_ 

520 

1.89391 

GO 

a75iei 

no 

0.91014 

530 

1.89951 

61 

a75906 

180 

0.93212 

540 

1.30300 

62 

a763ff8 

i:io 

0.95236 

550 

1..S0740 

63 

0.76745 

140 

ad7109 

560 

1.31172 

04 

077151 

150 

0.99843 

570 

l.315J)7 

A5 

a77456 

16U 

J.0(Hfi6 

580 

1..S2015 

«9 

0.77945 

170 

1.01983 

590 

L38426 

fiT 

a7833S 

190 

1.03410 

fiOO 

1.32930 

68 

a787l8 

190 

1.04751 

610 

1.3328« 

€9 

a79098 

200 

1.0602G 

620 

1..33614 

70 

0.79463 

210 

1.07237 

630 

1..S3997 

71 

a79984 

220 

109390 

640 

1.34373 

7« 

0.80188 

230 

1.09499 

6.M> 

1.S4743 

fS 

a8l>536 

240 

1.10542 

660 

L3510B 

74 

aH0888 

25*1 

I.U553 

670 

1.35468 

75 

0.91831 

260 

M8583 

680 

1.35983 

76 

0  91571 

270 

1.13453 

690 

1.36170 

77 

O.BlOOfl 

260 

1.14345 

700 

1.36513 

78 

0.98836 

890 

L 13804 

710 

1.36951 

79 

0.985«8 

300 

1.160:J5 

720 

1.37195 

80 

a98985 

310 

i.icasH 

730 

1.37513 

81 

0.83206 

320 

M7612 

740 

1.37839 

92 

0.93585 

330 

1.19363 

750 

1.39157 

B3 

0.93835 

340 

1.19092 

700 

1.3847 1 

U 

0.9iU8 

350 

1.19903 

770 

LS9788 

»5 

0.94449 

360 

1.20490 

790 

L39089 

96 

0.947S9 

370 

I.2H58 

790 

1.39391 

^H 
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^^^^B                      TABLi:  LI— CoKTreuEO. 

1 

^H            LogaHthins  qftiw  Values  of  the  Dcnofninaior  qfth£  Frcc^  | 

^^^^^^^^^^p ' 

J 

i* 

tog.  of 

ju 

«. 

V,_L^#+i.e 

800 

1.39R90 

3100 

1.71S1S 

7300 

810 

1.39985 

3200 

1.72042 

7400 

...-.:  ^: 

8iW 

1.40277 

3300 

1.72750 

7500 

1.914J* 

830 

1.40564 

3400 

1.7*tW 

7600 

I.9IT47 

840 

1.40«78 

3500 

I.7409D 

7700 

l.M06« 

8J0 

1.41l?« 

3600 

1.74746 

78fMl 

1.925U 

860 

1.41409 

3700 

1.75373 

7900 

1.92032 

870 

1.41683 

3800 

1. 75984 

8OO0 

1. 9291  i 

880 

1.419.53 

39tMJ 

1.76578 

8100 

1.93197 

890 

1.48280 

imu 

1.77 1.W 

8200 

1.93475 

900 

1.43487 

4100 

1.77725 

8300 

1.93749 

910 

l.H;746 

4?00 

1.78277 

8i<)0 

I-94O20 

990 

1.43005 

4300 

1.78814 

8500 

l.942>)7 

f>30 

1.43263 

♦400 

1.79339 

8600 

I.94.UI 

9iO 

1.43.SI.'; 

4500 

1.79851 

8700 

1.94811 

950 

1. 434114 

4600 

1.80352 

8800 

1.95069 

900 

1.41011 

4700 

1.80875 

8900 

1-95524 

970 

1.442A4 

4800 

1.81321 

9000 

I.955T8 

*>H() 

1.44498 

4900 

1.81790 

9100 

1.95826 

990 

1.44737 

5000 

1.82249 

9200 

1.96073 

looo 

1.44976 

5100 

1.82699 

9300 

1.96S17 

, 

5200 

1.83149 

9400 

1.96559 

MOO 

1.47283 

5300 

1.83.ST5 

9500 

196797 

1200 

1.49869 

5400 

1.84002 

UfifK) 

1.97033 

IHUO 

1.51148 

5500 

1.84421 

970O 

1.97267 

1100 

1  52884 

5600 

1.84833 

9800 

197497 

1500 

1.5U97 

5700 

1.85237 

9900 

1.97726 

1600 

I.5ti014 

5800 

1.85«34 

i(K)rK) 

1.97952 

1700 

l.5741rt 

5900 

186022 

11000 

2.00099 

1800 

1.58747 

6000 

1.86404 

i8oa> 

2.0205ti 

1900 

1.60004 

6100 

1.86778 

1300C» 

».03e5i 

«000 

1.61195 

6200 

l.8T14« 

14000 

2.05518 

?100 

1-6S325 

6300 

1.87507 

150U0 

•o7rt*i5 

««)0 

1.03403 

6400 

1.87863 

leofX) 

J300 

1.6U38 

0500 

1. 882 13 

17000 

2UI0 

1.65414 

0(iO0 

1.8H558 

18rH)0 

2i{)0 

1.66358 

6700 

I.8R89H 

19I.HW 

?600 

l.«72Gl 

ChOO 

1.89233 

2t>000 

_,  1.  _, ,. .  . 

«700 

1.68133 

fiflOO 

l.H*f.'>6i 

21(HJ(I 

8.l4SIlft 

«W00 

1-68971 

7(K)0 

l.Hf>89l 

22000 

S.154S3 

2900 

1.69780 

7100 

1.902U 

23000 

2.t6lV24 

^H 

3000 

1.705.^8 

7200 

1.90532 

24000 



2.ITA73 

1 

1^^ 

«■ a^^^B. 
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II.S  I.  consists  of  tbrce  columns.— Co^mn  I,  entitled 

ains  the  hydraulic  mean  depths  of  any  conduit  in 

This  is  set  down  for  e%ery  10th  of  an  inch  in  the 

)  inches,  that  die  answers  may  be  more  accurately 

td  for  pipes,  tlie  mean  depth  of  which  seldom  exceeds 

>r  four  inches.     The  column  is  continued  to  100 

,  whicli  is  fully  equal  to  the  hydraulic  mean  depth  of 

Hal. 

|tmn  2.  contains   the  logarithms  of  the  values  of 

0,1,  multiplied  by  307;  that  is,  (he  Ingaritlim  of 

'                r  ._     .      -      307  (-v/^  — 0,1)      . 
incrator  of  the  fractjon — ^ Kiven  m 

Sele  RavKss. 

fwin  2.  contains  the  products  of  the  values  of  V'rf — 0, 1 

Jicd  by  0,3. 

|L£  II.  consists  of  two  columns — Column  1,  entitled 

ains  the  denominator  of  tJie  fraction  expressing  the 

)T  declivity  of  any  pipe  or  canal ;  that  is,  the  qu(jtient 

(length  divided  by   the  elevation  of  one  extremity 

the  other.     Thus,  if  a  canal  of  one  mile  in  length 

te  feet  higher  at  one  end  than  the  other,  then  s  is 

=  1760. 

tttnn  S.  contains  the  logarithms  of  the  denominators 
above-mentioned  fraction,  or  of  tlie  different  values 
^quantity  v',^  l  V^j^  1,«. 
fese  quantities  were  computed  true  to  the  third  deci- 
laoe.  Notwithstanding  this,  the  last  figure  in  about 
in  of  tlie  first  logarithms  of  each  table  is  not  absolute- 
in  to  the  neare:<t  unit.  But  this  cannot  produce  an 
1  in  100,000. 

amptes  of  the  Use  of  these  Tables, 

fmplr  I.     Water  is  brought  into  the  city  of  Edin- 
jveraj  mains.     One  o<'  these  is  a  pipe  of  IW«' 
1 
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inches  diameter.    Tlie  length  of  the'jqie  » 14^637  feel; 

and  the  reservdur  at  Comiston  is  44  ftet  U^^icr  than  At 

reservinrinto  vhich  it  deliYen  the  water  on  the  Castle  H3L 

Quetyf   The  number  of  Scotch  puts  which  tins  fft 

should  delirer  in  a  minute  P 

& 
1.  We  have  d=-^,  =1^  indies.    The  kgandn 


correspondmg  to  tbb  d,  being  nearly  the  mean  bet 
the  logarithms  corre^Kmding  to  1,2  wad  1,S,  b  !iL49472L 
14637 
2.  We  have  *  =  i^,  or  382,7.      The   kgaritlm 

corresponding  to  this  in  Table  II.  is  had  by  taking  propor- 
tional parts  for  the  (Merence  between  the  logarithms  ftr 
«  =  8S0  and  «  =  340,  and  is  1.18533. 
3.  From  2.49472 
Take  1.18533 


Remains  1.30939,  the  logarithm  of  20,385  inches. 

4.  In  column  3.  of  Table  I.  opponte  to  <2  ==  1,2  and  d= 
1,3  arc  0,3  and  0,31,  of  which  the  mean  is  0,306  inches, 
the  correction  for  viscidity. 

5.  Therefore  the  velocity  in  inches  per  second  is  20,385 
—  0,305,  or  20,08. 

6.  To  obt^n  the  Scotch  pints  per  minute  (each  contain- 
ing 103,  4  cubic  inches),  multiply  the  velocity  by  60,  and 
this  product  by  5\  and  this  by  0,7854  (the  area  erf's 
circle  whose  diameter  is  1),  and  divide  by  108,4.  Or  fay 
logarithms, 

Add  the  log.  of  20,08  -  .  1.30276 

log.ofOO''  .  -  1.77815 

log.  of  5«  or  25  -  .  1^94 

log.  of  0,7854  -  -  9.69509 

4.37394 

Subtract  the  log.  of  103,4  -  -  2.01451 


Reniaiiis  the  log.  of  228,8  pints  -  2.35943 
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Exampic  2.  The  canal  mentioned  in  the  article  Rivebs 
was  18  feet  broad  at  the  surface,  and  7  feet  at  the  bottom. 
It  was  4  feet  deep,  and  had  a  declivity  of  4  inches  in 
a  mile.     Qiury^  The  mean  velocity  ? 

I.  The  slant  side  oi  the  canal,  corresponding  to  4  feet 

deep  and  5^  projection,  is  6,8  feet ;  therefore  the  border 

touched  by  the  water  is  6,8  -»-  7  -f  6,8,  =  ie0,6.     The 

18+7 
area  w  4  X  — 3—,  =  50  square  feet.     Therefore  d  = 

— -g,  =  2,487  feel,  or  29,124  inches.     The  logarithm 

correfiponding  to  this  in  Table  I.  ia  S.21113,  and  tlie  cor- 
rection for  viscidity  from  the  third  column  of  the  same 
Table  is  1,68. 

5^.  The  slope  is  one-third  of  a  foot  in  a  mile,  or  one  foot 
in  three  miles.  Therefore  $  ia  15,840.  The  logarithm 
corresponding  to  this  is  2.08280. 

tS.  From         3.21113 
Subtract    9.08280 


Remains    1 .12883  =  log.  13,438  of  inches. 
Subtract  for  viscidity  1.58 


Velocity  per  second  11,838 

This  velocity  is  considerably  smaller  than  what  was  ob- 
aerved  by  Mr  VV'aii.  And  indeed  we  observe,  that  in  the 
rery  small  declivities  of  rivers  and  canals,  the  formula  ia  a 
little  different  AVe  have  made  several  comparisons  with  d 
formula  which  is  essentially  the  same  with  Buafs,  and 
comes  nearer  in  tliese  cases.  Instead  of  taking  the  hyper- 
bolic logarithm  of  v7+Ti6»  Multiply  its  common  logaritlim 
by  2|,  or  multiply  it  by  9,  and  divide  the  product  by  4; 
and  this  process  is  vastly  easier  than  taking  the  hyperbolic 
logarithm. 

We  have  not,  however,  presumed  to  calculate  tables  on 
the  autliority  of  our  own  observations,  thinking  too  rctfpOCC- 

vot.  11.  2  N 


moi. 


WATER-WORRS. 


ftilty  of  thU  gentlcni&n^s  labourii  and  obflcr(*atJotM.  But 
this  subject  will,  ere  long,  be  fuflj  estsblishrd  on  a  scria 
of  observations  on  canals  oT  various  dimensions  and  decli- 
vities, made  by  fievcral  eminent  engineers  during  tbats^ 
ctttion  of  thein.  Fortunately  M.  Buat's  formula  it  <hkS- 
\y  founded  on  observations  on  small  canab ;  and  is  tbons 
fore  mo&l  accurate  in  such  works  where  it  is  mo«i 
ry^  viz.  in  mill  courses,  and  oilier  derivations  ibr 
machinery. 

We  now  proceed  to  take  notice  of  a  few  circtintfitanos 
which  deserve  atientiun,  in  the  construction  of  canals,  in 
addition  to  thoK*  delivered  in  the  article  RivEaa. 

When  a  canal  or  aqueduct  is  brought  off  from  a  bam 
or  larger  stream,  it  ought  always  to  be  widened  at  the  cfl- 
try,  if  it  is  intended  for  drawing  off  a  continued  stream  of 
water :  for  such  a  canal  has  a  slope,  without  wliich  it  am 
have  no  current.  Suppose  it  filled  to  a  dead  level  to  tbe 
farther  end.  Take  away  the  bar,  and  t!ie  water  immodi- 
ntely  begins  to  How  off  at  that  end.  But  it  is  some  timt 
before  any  motion  is  perceived  at  the  head  of  the  cantla 
during  all  which  time  the  motion  of  the  water  is  augment* 
ing  in  every  part  of  the  canal ;  consequently  the  slope  b 
increasing  in  ever)-  part,  this  being  the  sole  cause  of  its 
stream.  When  tlic  water  at  the  entry  begins  to  nsove,  (he 
slope  is  scarcely  sensible  there ;  but  it  sensibly  si 
every  moment  with  the  increase  of  vclt>city,  which  at 
attaitis  its  maxunum  relative  to  the  slope  and  dimensicdi 
of  the  whole  canal ;  and  this  regulates  the  depth  of  water 
in  every  point  down  the  stream.  When  all  has  sttoimd  i 
state  of  permanency,  the  slope  at  the  entry  remawf  much 
greater  than  in  any  other  part  of  the  canal :  for  this  tkif$ 
must  be  such  as  will  produce  a  velocity  sufficiciil  for  sap- 
plying  its  TfiAlN. 

And  it  must  be  remembered,  that  the  velocity  which 
must  be  produced  greatly  exceeds  the  mean  velocity  coir^ 
sponding  to  the  train  of  the  canal.     Suppose  (hat  thb  ia 
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inche<i.  Thcr?  must  be  ft  veiocity  of  80  inches  al  the 
surfnoe,  ba  appcons  by  the  Tabic  in  the  arucle  RivsRs. 
This  niu»t  be  produced  by  a  re^l  fall  at  tlic  entry. 

to  every  other  part  the  xlope  is  sufficient,  if  it  merely 
scrres  to  give  the  water  (already  in  motion)  force  enough 
for  overcoming  the  friction  and  other  resistances.  But  at 
the  entry  the  water  is  stagnant,  if  in  a  basin,  or  it  is  vaaV' 
tag  past  laterally,  if  the  aqueduct  is  derived  from  a  river ; 
and,  having  no  velocity  whatever  in  the  direction  of  the  ca- 
mJ,  it  must  derive  it  from  its  slope.  The  water  therefore 
which  has  acquired  a  permanent  form  in  such  an  aqueduct, 
must  necessarily  take  that  form  which  exactly  pedbrms  the 
oAoes  requbite  in  its  different  portions.  The  surface  re- 
mains horizontal  in  the  ha«n,  as  at  KC  (Fig.  l-)*  ^'^  *^ 
comes  near  the  entry  of  the  canal  AB,  and  there  it  ac- 
quires the  form  of  an  undulated  curve  CD£  ;  and  then 
the  siU'face  acquires  an  uniform  slope  £P,  in  the  lower 
part  of  the  canal,  where  the  water  is  in  train. 

If  this  is  a  drain,  the  discharge  is  much  leas  than  might 
be  produced  by  the  same  bed  if  Uiis  sudden  slope  could  be 
avcnded.  If  it  is  to  be  navigated,  having  only  a  v«ry 
gentle  slope  in  its  whole  length,  this  sudden  slope  is  a  very 
eat  imperfection,  both  by  diminishing  the  depth  of  water, 
miglu  otherwise  be  obtained  along  the  canal,  and  by 
rendering  the  passage  of  boats  into  the  basin  very  difficult, 
and  tl)e  coming  out  very  hazardous. 

All  this  may  be  avoided,  and  the  velocity  at  the  entry 
may  be  kept  equal  to  that  which  forms  the  train  of  the  ca- 
nal, by  ilie  simple  pocess  of  enlarging  the  entry.  Sup- 
pose that  the  water  could  accelerate  along  the  slopes  of  the 
ciinul,  as  a  heavy  body  would  do  on  a  finely  polished  plane. 
If  we  now  make  the  width  of  the  entry  in  its  different  parts 
inversely  pn>portional  to  the  fictitious  velocities  in  those 
parts,  it  is  plain  that  the  slope  of  the  surface  will  be  made 
piunlld  to  that  of  the  canal  which  is  in  train.  This  will  re- 
quire a  form  somewhat  like  a  bell  or  speaking-Trumpet,  Bs 
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may  easily  be  shown  by  a  mathematical  discuaaacL  It 
would,  however,  be  bo  much  evasated  at  the  basin  a«  w 
occupy  much  room^  and  it  would  be  very  cxpcnsvc  to 
nmkc  such  an  excavation.  But  wc  may,  at  a  very  mode- 
rate  expense  of  money  and  room,  make  tl>e  increase  uf  ve. 
locity  at  the  entry  almost  insensible.  This  should  always  hr 
done*  and  it  is  not  all  expense :  for  if  it  be  i)ot  dooei  the 
water  vnll  undermine  the  banks  ou  each  side,  because  it  b 
moving  very  swiftly,  and  will  make  an  excavation  for  ttadf, 
leaving  all  the  mud  in  the  canal  below.  We  tnay  obaevtv 
this  enlargement  at  the  entry  of  all  natural  derivatkms  firon 
a  batiiu  or  lake.  It  is  a  very  instructive  experiment,  to  ffl 
tip  this  enlargement,  continuing  the  parallel  sides  of  the 
drain  quite  to  the  side  of  the  lake.  We  shall  immediately 
observe  the  water  grow  shallower  in  the  drain,  and  its  per- 
formance will  diminish.  Supposing  the  ditch  carried  on 
with  parallel  sides  quite  to  the  side  of  the  hasto,  if  we 
build  two  walk  or  dykes  from  the  extremities  of  those 
sides,  hendiug  outwards  witli  a  proper  curvature  (and  ihtt 
will  often  be  less  costly  than  widening  the  drain),  the  db- 
charge  will  be  greatly  increased.  We  have  seen  ii 
where  it  was  nearly  doubled. 

The  enlargement  at  the  mouths  of  rivers  is  genctaUj 
owing  to  the  same  cause.  The  tide  of  flood  up  the  mtr 
produces  a  superficial  slope  opposite  to  that  of  the  rtvefi 
and  this  widens  the  mouth.  This  is  most  remarkable  wbtA 
the  tides  are  high,  and  the  river  has  Utdo  slope. 

After  diis  great  fall  at  the  entry  of  a  canal,  in  which  all 
the  filaments  are  much  accelerated,  and  the  inferior  oiwb 
most  of  all,  things  take  a  contrary  turn.  The  water,  by 
rubbing  on  the  bottom  and  the  sides,  is  retarded;  and 
therefore  the  section  must,  from  bein^'  *  ''  ^,  become > 
little  deeper,  and  the  surface  will  be  i<-  _  :  ■rsutaedi*' 
tance  till  all  comes  into  tram.  When  this  is  establi^tcd, 
the  fitaments  nearest  the  bottom  and  side  arc  tn-  "• 

est,  and  tlie  suriace  (in  the  middle  especially) 
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velocity,  gliding  over  the  rest.  The  velocity  in 
the  canal,  and  the  depth  of  the  section,  adjust  themselves 
in  such  a  manner  that  the  difference  between  the  surface  of 
the  basin  and  the  surface  of  the  uniform  section  of  the  ca- 
nal corresponds  exactly  to  tJie  velocity.  Thus,  if  this  be 
observed  to  be  two  feet  in  a  second,  the  difference  of  htiglit 
will  be  three-sixteenths  of  an  inch. 

All  the  practical  questions  that  ore  of  considerable  ini- 
pon&nce  respecting  the  motion  of  water  in  aqueducts,  may 
be  e«dly,  though  not  elegantly,  solved  by  means  of  tlie 
tables. 

But  it  is  to  be  remembered,  that  these  tables  relate  only 
to  uniform  motion,  that  h,  to  water  that  is  in  train,  and 
where  tlie  velodty  suffers  no  change  by  lengthening  the 
donduit,  provided  the  slope  remain  the  same.  It  is  much 
more  difficult  to  determine  what  will  be  the  velocity,  &c,  in 
a  canal  of  winch  nutliing  is  given  but  the  form,  and  sIoj>e, 
and  depth  of  the  entry,  without  saying  how  deep  the  water 
runs  in  it.  And  it  is  here  that  the  common  doctrines  of 
hydrnulics  are  most  in  fault,  and  unable  to  teach  us  how 
deep  the  water  will  run  in  a  canal,  though  the  depth  of  the 
basin  at  the  entry  be  perfectly  known.  Between  the  part 
of  tlie  canal  which  b  in  train  and  the  basin,  there  is  an  ui- 
terval  where  the  water  is  in  a  state  of  acceleration,  and  is 
afterwards  retarded. 

The  determination  of  tlie  motions  in  this  interval  is  ex- 
ceedingly diHicult,  even  in  a  rectangular  canal.  It  was  one 
great  aim  of  Mr  Buat^s  experiments  to  ascertain  this  by 
measuring  accurately  the  depth  of  the  water.  But  he 
found  that,  when  the  slope  was  but  a  very  few  inches  in 
the  whole  length  of  his  canal,  it  was  not  in  train  for  want 
of  greater  length;  and  when  the  slope  was  still  less,  the 
small  fractions  of  an  inch,  by  which  he  was  to  judge  of  the 
variations  of  depth,  could  not  be  measured  with  sufficient 
accuracy.  It  would  be  a  most  desirable  point  to  deter- 
mine the  length  of  a  canal,  whose  slope  and  other  dimen- 
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tdons  are  given,  which  will  bring  it  inlo  Inun  ;  aiui  vbtf 
U  the  ratio  which  will  then  obtain  between  llic  depth  It 
the  entry  aod  the  depth  whidi  will  be  munlAsaed.  TO! 
tJiis  be  done,  Uic  etij^ecr  cannot  aacertaoa  bjr  a  dtract 
CC85  what  quantity  of  water  will  be  drawn  offlVoo  a 
voir  by  a  given  canal.  But  as  yei  this  b  «>ut  otovr 
Experiments,  however,  are  in  view  which  will 
the  Investigation. 

But  this  and  similar  questions  are  of  such  ini 
that  we  cannot  be  said  to  have  improred  bydnutliDs  unW* 
we  can  give  a  tolerably  precise  answer.  This  we 
by  a  sort  of  retrograde  process,  proceediog  on  the 
ciples  oi"  uniform  motion  established  by  the  Cbevalkr 
"SVc  may  suppose  a  train  maintained  in  tlie  canal,  andtbcci 
examine  whetlier  this  train  can  be  produced  by  any  ml 
that  is  possible  at  the  entry.  If  it  can,  we  may  be 
that  it  is  so  produced,  and  our  problem  is  solrcd. 

We  shall  now  point  out  the  metliods  of  answcnilf 
chief  questions  of  this  kind. 

Oldest.  1.  Given  the  slope  f  and  the  breadth  v  of  a  » 
naly  and  die  lieight  H  of  the  surface  of  the  water  in  tlir 
basin  above  the  bottom  of  the  entry,  to  find  the  dqidi  A 
and  velocity  V  of  the  stream,  and  the  quantity  of  water  Q 
which  is  discharged  P 

The  chief  diificult  is  to  find  the  depth  of  the  stirtfi 
where  it  is  in  train.  For  this  end,  we  may  aomplifr 
the  hydraulic   theorem   of  uiufonn  motion    of  the  Mti^ 


where  ^  is  liie  vc 


•g^^ 


de  RivEE  ;  making  V   = J-, 

(in  inches)  acquired  in  a  second  by  foUing,  d  ia  the  hydrau- 
lic mean  depth,  and  jS  stands  for  ^/3  —  L  VS  + 1^ 
N  is  a  number  to  be  fixed  by  experiment  (sec  Hivxi^) 
depending  on  the  contraction  or  obstruciioa  austainwi  it 
the  entry  of  the  canal,  and  it  may  in  most  oummon  cao 
be  taken  =^  iJ44r ;  so  that  s^Sff  moy  be  aoiiicwlwt  letetlun 


^ATBA^WOOM. 


To  find  it  we  may  begin  by  taking  for  our  depth  of 
Stream  a  quantity  A,  somewhat  8inallcr  than  H  the  height 
of  the  surface  of  the  basin  above  the  bottom  of  the  canal. 
With  this  depth,  and  the  known  width  re  of  the  canal,  we 
can  6nd  tiie  hydrauhc  depth  d  (Kivek,)  Then  with 
^d  and  the  slope  find  V  by  the  Table :   make  this  V= 


Thi 


'/Ni- 


This  value  of  N^ 


ts  &ufiicientJy  exact ;  for  a  small  ecrnr  of  depth  hardJy  af- 
fects the  hydraulic  mean  deptJj. 

AlW  this  preparation,  the  expression  of  t}ie  mean  velo- 


city in  the  canal  will  be  ^/  N^ 


3  A. 


The  liciglil 


^^"S 


ow 


which  will  produce  this  velocity  is  ^—^  I  — ,   ^  ,  J.     N 

this  is  the  Blo|ie  at  the  entry  of  Uie  canal  whicli  produces 
the  velocity  that  is  aAerwards  maintained  against  the  ol^ 
structions  by  the  slope  of  the  canal.     It  is  therefore  =  H 


^A.     Hence  we  deduce  /* 


I 


-W^s  + >)-»") 


+</»«-+("(^s+')-«")'.  If 


there  be  no 


contraction  at  the  entry,  ^  =  G  and  ^-p-  =  -^. 

Having  thus  obtained  the  depth  h  of  the  stream,  we  ob- 
tain the  quantity  of  water  by  combining  this  with  the 
widlli  w  and  the  velocity  V. 

Rut  as  this  was  but  an  approximation,  it  is  necrwary  to 

examine  whether  the  velocity  V  be  possible.     This  is  very 

^mj'     It  must  be  produced  by  the  fall  H  —  h.     We  shall 

have  no  occasion  for  any  correction  • 

if  A^  has  not  been  extravagantly  erroucv 
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nuBtake  in  h  produces  almost  the  same  mruUfton  m  d.  Tbr 
test  of  accuracy,  however,  is,  ihat  A>  together  with  tbe 
height  which  will  produce  the  velocity  y*  must  nuke  up 
the  whole  height  H.  Assuining  h  too  amall  leaves  U  —  h 
too  great,  aod  will  give  a  small  velocity  V,  which  require 
a  small  value  of  H — A.  The  error  of  H  —  A  therefonr  u 
always  greater  than  the  error  we  have  commtlted  in  oar 
first  assumption.  Therefore  when  this  error  of  H  —  A  ii 
but  a  trifle,  such  as  one-fourth  of  an  inch,  we  niay  rest  »- 
tisBed  with  our  answer. 

Perhaps  tbe  eaaest  process  may  be  the  following :  Sup- 
pose the  whole  stream  in  train  to  have  the  depth  H.  Tbe 
velocity  V  obtained  for  this  depth  and  slope  by  the  Table 
requires  a  certain  productive  height  m.  Make  ^H+»: 
H  ^  H :  A.,  and  h  will  be  exceedingly  near  the  truth.  TIj^J 
reason  is  obvious  ^H 

Queat.  2.  Given  the  discharge  (or  quantity  to  be  f^' 
lUfihed  in  a  second)  Q.  The  height  II  of  tbe  baflin  abtm 
tbe  bottom  of  the  canal,  and  the  slope,  to  find  tl)e  dkmca- 
sioDs  of  tbe  canal  ? 

Let  X  and  ^  be  the  depth  and  mean  width.     It  is  plam 

Q 


=  V2G  «/  H  ^  *  will  give  a  tb- 
Compare  Uiis  with  the  value  of  jf 


Thi* 


that  the  equation 

-J 

lue  of  y  in  terms  of  x 

obtained  from  the  equation  —  =  -^tJ — ^^ — 

will  give  an  equation  containing  only  x  and  known  quonu- 
ties.  But  it  will  be  very  complicated,  and  we  must  have 
recourse  to  an  approximation.  This  will  be  best  under 
stood  in  the  form  of  an  example. 

Suppose  tlie  depth  at  the  entry  to  be  16  inches,  and  iho 
slope  Tv'vff.  Let  1300  cubic  feet  of  water />«r  miaute  Ik 
the  quantity  of  water  to  be  drawn  off,  for  working 
chinery  or  any  other  purpose;  and  let  the  cuv  ' 
posed  of  the  best  form,  rccommendod  in  the  artiu.-  ■ 
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the  base  of  the  sloping  side  is  four-thirds  of  the 
ihe^ht. 

I     The  slightest  connderation  will  show  us  that  if  -^rr  be 

|i  taken  for  the  height  producing  the  velocity,  it  cannot  ex- 
[cecd  2  inches,  nor  be  less  than  I.  Suppose  it  =  %  and 
HBefore  the  depth  of  tlie  stream  in  the  canal  to  be  16 
HBles ;  find  the  mean  width  of  the  canal  by  the  equation 

►        Q 


307 


,  in  which  Q  is  20  cu- 


A(V.i-0,l)(^-0,3y 

»feet  (the  60lh  part  of  1200),  ^S  is  =  28,153, 
1000  —  L  ^'lOOO  -f.  1,6,  and  A  =  16.  This  gives 
,  w  -^  6,62  feet.  The  section  n  =  7,36  feet,  and  V  =  32,6 
P^  inrJies.  This  requires  a  fall  of  1,52  inches  instead  of  2 
i.  Take  tliis  from  18,  and  there  remains  16,48, 
we  shall  Had  not  to  differ  one-tenth  of  an  inch  from 
ihe  exact  depth  which  the  water  will  acquire  and  maintain. 
We  may  therefore  be  satisfied  with  assuming  5,36  feet  as 
the  mean  width,  and  3,53  feet  for  the  width  at  the  bottom. 
This  approximation  proceeds  on  this  consideration,  that 
when  the  width  diminishes  by  a  small  quantity,  and  in  the 
same  pro|X)rtion  that  the  depth   increases,  the  hydraulic 

el  de})lh  remains  the  same,  and  therefore  the  velocity 
remains,  and  the  quantity  discharged  changes  in  Oie 
^Aov^  proportion  of  the  section.     Any  minute  error  whicli 
Wux  result  from  this  suppobitiuni  may  be  corrected  by  in- 
^^Bang  the  fall  producing  the  velocity  in  the  jiruportion  of 
^H  first  hydraulic  mean  depth  to  the  mean  depth  corre- 
^^Niding  to  the  new  dimensions  found  for  llie  canuL     It 
will  now  become  1,53,  and  V  will  be  32,72,  and  the  depth 
,  will  be  16,47.     The  quantity  discharged  being  divided  by 
V,  will  give  the  sociiou  =  7,335  feel,  from  winch,  and  the 
new  depth,  we  obtain  5,344  for  the  width. 
^TThifi  and  the  foregoing  are  the  most 
^^R)oacd  lo  an  engiaccr.  We  asserted  with  | 
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thm  few  of  tlie  prof^ssiou  are  Me  to  answer  tben  inth  to- 
lerable preciflion.  Wc  conuot  offend  Uie  profesikHul  go- 
tlcmen  by  this,  when  we  inform  theni}  that  the  Acadcvr 
of  Sciences  at  P&na  were  occupied  during  several  nsoet^ 
with  an  examination  of  a  plan  proposed  by  M.  De  Panaeiu, 
ifcr  bringing  the  waters  of  the  Yvette  into  Pant;  md 
after  the  most  mature  consideration,  gave  in  a  report  of  tb 
quantity  of  water  which  M.  De  Parcieux'a  aqueduct  vooM 
yield,  and  that  their  report  has  been  found  erroncoui  ia  the 
proportion  of  at  least  2  to  5 :  for  the  waters  have  bos 
brought  in,  and  exceed  the  report  in  this  proportioo.  In- 
deed long  af)cr  the  giving  in  the  report,  M .  I'crronet,  cfar 
most  celebrated  engineer  in  France,  oflirnied  that  liir  di- 
mensions proposed  were  mucli  greater  than  were  nccaaary, 
.and  said,  that  an  aqueduct  of  5^  feet  wide,  and  34  dnp. 
with  a  slope  of  15  inches  in  a  thousand  fathoms,  would 
have  a  velocity  of  12  or  13  inches  per  second,  which  wotJd 
bring  in  all  the  water  furnished  by  the  proposed  iouron. 
The  great  diminution  uf  expense  occasioned  by  the  ahcn* 
tion  encouraged  the  community  to  undertake  the  wed- 
It  was  accordingly  begun,  and  a  part  executed.  The  *•- 
ter  was  found  to  run  with  a  veloclt}'  of  near  19  inches  wWn 
it  was  3^  feet  deep.  M.  Ferronet  founded  hia  oonpoti- 
tion  on  his  own  expeiiencc  alone,  acknowledging  thit  b 
had  no  theory  to  instruct  him.  The  work  was  cartiod  to 
farther,  il  being  found  that  the  aty  could  be  supplied  il  a 
much  smaller  expense  by  steam-engines  erected  by  Boutlon 
and  Watt.  But  the  facts  which  occurred  in  the  partial 
execution  of  the  aqueduct  are  very  valuable.  If  M.  Per- 
ronef  s  aqueduct  be  examined  by  our  general  fonauk,  I 
will  be  found  :=  {Vos*  <^  ^  =  l^i'^^s  ^^  wluch  we  dN 
duce  the  velocity  =  16|,  agreeing  with  tlkc  obicumrinn 
with  astonishing  precision. 

The  experiments  at  Tunn  by  Michetotti  on  canal*  wat 
very  numerous,  but  complicated  with  nmny  ctfcunatafKVs 
wliich  would  render  tlie  discussion  too  loi^  (ix  this  pUce* 
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cleared  of  these  circumstances,  which  we  have  done 
with  scrupulous  care^  Uiey  are  also  abundantly  conformable 
to  our  iheory  of  die  uniform  motion  of  running  waters. 
But  to  return  to  our  subject : 

Should  it  be  required  to  bring  off  at  once  from  the  ba- 
an  a  mill  course,  having  a  determined  velocity  for  driving 
on  under-flhot  wheel,  the  problem  becomes  easier,  because 
tlie  velocity  and  slope  combined  determine  tJie  hydraulic 
depth  at  once ;  and  the  depth  of  the  stream  will  be 
by  means  of  the  height  which  must  be  taken  for  the 
wliole  depth  at  the  entry,  in  order  to  produce  the  required 
telocily. 

In  like  manner,  having  given  the  quantity  to  be  dis- 
charged, and  the  velocity  and  the  depth  at  the  entry,  we 
iind   the  other  dimensions   of  tlie  diannel ;  and  tlic 

can  deptli  being  fonnd,  we  can  detcnnine  tlie  slope. 

When  the  slope  of  a  canal  is  very  small,  so  that  the 
h  of  the  uniform  stream  differs  but  a  little  from  that  at 
the  entry,  the  quantity  discharged  is  but  small.  But  a  great 
Telocity,  requiring  a  great  fall  at  the  entry,  produces  a 
great  diminution  of  depth,  and  therefore  it  may  not  com- 
pensate for  this  (liuiinutiun,  and  the  quantity  discharged 
may  be  smaller.  Improbable  as  this  may  appear,  it  is  not 
defDonstrably  false ;  and  hence  we  may  see  the  propriety 
of  the  following 

Questiott  3.  Given  the  depth  H  at  tJie  entry  of  a  rectan* 
gulor  canal,  and  also  its  widUi  xcy  required  the  slope,  depth, 
and  velodty,  wliich  wUl  produce  the  greatest  possible  dis- 
charge? 

Let  jr  be  the  unknown  depth  of  the  stream.  H  —  d:  is 
the  productive  fall,  and  the  velocity  is  ^WG  *JH.  — ar. 

his  multiplied  by  ir  x  will  give  the  quatitity  discharged. 
Therefore  wx  ^'J^G  VH — *  must  be  made  a  maxi- 
mum. The  conmfion  process  for  this  will  give  the  equation 
2  U  =  3  JT,  or  2  =  HI.  The  mean  velocity  will  be  V^G 
v|iU;  the  section  will  be  ij'  Z0  H,  and  the  discharge  =3 
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i  •aGwH  •iH,andJ  = 


ivH 


„-     WiUi  thc4e  data 

the  slope  is  eamly  had  by  the  fbrmuk  for  tiniform  mnCioK. 

If  the  canal  i»  of  the  trapexoidal  form,  the  investigatkn 
it  more  troublesome,  and  requires  the  reeoluiion  of  a  tube 
equation. 

It  may  appear  strange  that  increafuig  the  dope  of  a  O' 
nal  beyond  the  quantity  determined  by  thts  probt«ro  cm 
diminiali  the  quantity  of  water  conveyed.  But  one  rf 
these  two  things  must  happen ;  either  the  tnoCioa  wiD 
not  acquire  uniformity  in  sucli  a  canal  for  want  of  leqglk 
or  the  discliuTge  mubt  diminish.  Supposing,  b0WVW« 
that  it  could  augment,  we  can  judge  how  iar  this  cm 
go.  Let  us  take  the  extreme  case,  by  snaking  the  caul 
vertical.  In  this  case  it  becomes  a  umple  weir  or  waate- 
board.     Now  the  discharge  of  a  waslelxiard  is  S  V?G  m 

(h^  —  (4  hy.     The  maximum  determined  by  the  preooi' 
ing  problem  is  to  tliat    of  the  wasteboord  of  the  same  di- 

\  9 

mensions  as  H  Vj  H:  H     —  (i  H)    ,  or  as  H  */fH: 
H  V  H  —  4  H  JJU,  =  6773  :  64.66,  nearly  =  9 :10. 

Having  given  the  dimensions  and  slope  of  a  canal,  wr 
can  discover  the  relation  between  its  expenditure  and  the 
liine;  or  Ve  can  tell  how  much  it  will  sink  the  surface  ofi 
pond  in  24  hours,  and  the  gradual  progress  of  this  .  ' 
and  this  might  be  made  the  subject  of  a  particular  prxji/iL-m. 
But  it  is  complicated  and  difficult.  In  cases  where  tltis  is 
an  mteresting  object,  we  may  solve  the  question  with  sulB- 
cient  accuracy,  by  calculating  the  expenditure  at  the  beg^iw 
ning,  supposing  the  basin  kept  full.  Then,  from  the  known 
area  of  Uie  pond,  we  can  tell  in  w  hat  time  this  expcndiiare 
will  sink  an  inch ;  do  the  some  on  tlie  supposition  that  tba 
water  is  one-third  lower,  aiid  that  it  is  lwo.ihinl«  hiww 
(noticing  tlie  contraction  (^*f  tlie  surface  of  the  pood  ooe^ 
sioned  by  this  abstraction  of  its  waters).  Tbusi  wc  shall  ob- 
tain three  rates  of  diminution,  from  which  wc  can  oasily  de- 
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duoe  the  desired  relation  between  the  expenditure  and  the 
time. 

Aqueducts  derived  &om  a  basin  or  river  are  commonly 
furnished  with  a  sluice  at  the  entry.  This  changes  exceed- 
ingly the  state  of  things.  The  slope  of  the  canal  may  be 
precisely  such  as  will  maintain  the  mean  velocity  of  the  wa- 
ter whicii  passes  under  the  sluice  ;  in  which  case  the  depth 
of  the  stream  is  et^ual  to  that  of  the  sluice,  and  the  velocity 

1  is  produced  at  once  by  the  head  of  water  above  it.  But  if 
the  slope  is  less  than  this,  the  velocity  of  the  issuing  water  i& 
diminished,  and  the  water  must  rise  in  the  canal.     This 

I  must  check  the  efflux  at  the  sluice,  and  the  water  will  be  as 
it  were  stagnant  above  what  comes  through  below  it.  It  ia 
extremely  difficult  to  determine  at  what  precise  ope  the 
water  will  begin  to  check  the  efflux.  The  contraction  at 
the  lower  edge  of  the  board  hinders  the  water  from  attain- 
ing at  once  the  whole  depth  which  it  acquires  afterwards, 
when  its  velocity  diminishes  by  the  obstructions.     While 

'  the  regorging  which  these  obstructions  occasion  does  not 
reach  back  to  the  sluice,  the  efflux  is  not  affected  by  it. — 
Even  when  it  does  reach  to  the  sluice,  there  will  l>e  a  less 
depth  immediately  behind  it  than  farther  down  the  coual, 

I  where  it  is  in  train  ;  because  the  swifl-moving  water  which 
is  next  the  bottom  drags  with  it  the  regorged  water  which 
lies  on  it :  but  tlie  canal  must  be  rapid  to  make  this  difl*er- 
ence  of  depth  sensible.  In  ordinary  canals,  with  moderate 
slopes  and  velocities,  the  velocity  at  the  sluice  may  be  safe- 
ly taken  as  if  it  were  that  which  corresponds  to  the  differ- 
ence of  depths  above  and  below  the  sluice,  where  both  are 
in  train. 

L.et  therefore  H  be  the  depth  above  the  sluice,  and  h  the 
depth  in  the  canal.     Let  e  be  the  elevation  of  the  sluice 

I  above  the  sole,  and  let  b  be  its  breadth.     The  discharge 

will  be  cbJH^kJ^G  for  the  sluice,  and  w  h  1^ 


the  canal.     These   must   be    the  same. 


This  gives  the  equation  e  b  VH— A  JiG  =  »  A   l2f 

— ^----=    containing  tlic  solution  olt  all  the  qiicrtioM 

ic  -I-  2  A  ^ 

which  can  bo  proposed.  The  only  titiocrtAtnty  ii  in  tke 
quantity  G,  which  expresses  the  velocity  competent  to  the 
poaaage  of  the  water  througli  the  orifice,  circumst«nce^^H 
it  is,  namely,  subjected  to  contraction.  This  may  be  n^ 
gulated  by  a  proper  form  given  to  the  evxiry  Into  thi»  ori- 
fice. The  contraction  may  be  almost  annihilated  by  iBakii{ 
the  masonry  of  a  cyclodial  form  on  both  sides,  aitd  «k» 
at  the  lower  edge  of  the  aluice-boord,  so  as  to  gire  the  cri* 
fice  a  form  resembling  Fig.  5,  D,  in  iJio  article  Hivku.  If 
the  sluice  is  thin  in  the  face  of  a  bo^n^  the  oontmctioB  vili 
reduce  S  G  to  1296.  Tf  the  sluice  be  as  ¥dde  as  the  caml, 
2  G  will  be  nearly  500. 

Qualion  4.  Given  U)e  head  of  water  in  the  htaan  H,  dir 
breadth  6,  and  elevation  c  of  the  sluice,  and  the  breadtb  v 
and  slope  j  of  the  canal,  to  find  the  depth  h  uf  the  ftrevfl^ 
the  velocity,  and  die  discharge  P 

We  must  (as  in  Qiuslion  2.)  make  a  first  suppoeitiuo  fer 
hf  in  order  to  find  the  proper  value  of  d.     Then  the  eqitt* 

lion  e  h  VH  — h  VSG  =  w  A  — -^  gives  h  =  Vgj^  --j 


U  this    value   iM 


differ  considerably  from  the  one  which  we  assumed  in 
to  begin  the  computation,  moke  use  of  it  far  olHai 


IT 


new  value  of  rf,  and  repeat  tlie  operation.    \Vc  shall 
be  obliged  to  perform  a  third  operation. 

The  following  is  of  frequent  use : 

QuestUm  5.  Given  Uie  dimensions  and  tfao  slop^v  vk" 
the  velocity  and  discharge  of  a  river  in  its  ortl  '  i*f. 

required  the  area  or  section  of  the  sluice  vJ*h  i         .    .014 
the  waters  to  a  certain  height,  still  allowini.  t  quoB*' 

tity  of  water  to  pass  through  ?    Such  on  ^operatidn  mMf 
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raider  the  river  navigable  for  small  crafl  or  roAs  above  the 
flluioe. 

The  problem  is  reduced  lo  the  determination  of  the  «xe 
of  orifice  which  will  discharjje  this  water  wllli  a  velocity 
competent  to  the  height  to  which  the  river  is  to  be  raised; 
only  We  must  take  into  consideration  the  velocity  of  the  wa- 
ter above  the  sluice,  considering  it  as  produced  by  a  fall 
which  makes  a  part  of  the  hciglil  productive  of  tlie  whole 
velodty  at  tlie  ^iluice.  Therefore  H,  in  our  investigation, 
lOtiBt  con^  of  the  height  to  which  we  mean  to  raise  the 
watCT^,  and  the  height  which  will  produce  the  velocity  with 
which  the  waters  approach  the  sluice :  A»  or  the  depth  of 
the  stream,  is  the  ordinary  depth  of  the  river.  Then  (udng 


the  former  symbols)    we  have  e  b 


V2G*(H  — A)' 


•To  (H  —  h) 

If  tlie  area  of  the  sluice  is  known,  and  we  would  learn 
the  height  to  which  it  will  raise  the  river,  we  have  H  —  A 

0* 

~  V  f  *  /.g  A»  ^^^  ^^  expression  of  the  rise  of  the  water 

above  its  ordinary  level.  But  from  this  we  must  take  the 
height  which  would  produce  the  velocity  of  tlie  river;  fx> 
that  if  the  sluice  were  as  wide  as  the  river,  and  were  raised 

to  the  ordinary  surface  of  the  water,  » lAt  *h>ch  px- 

pit  ■mi  the  height  that  produces  the  velocity  under  the 
sluice,  must  be  ccjual  to  the  depth  of  the  river,  and  H  —  h 
wiU  be  =  0. 

The  peribnnance  of  aqueduct  drains  is  a  very  important 
thing,  and  merits  our  attention  in  this  place.  AVhile  the 
art  of  managing  waters,  and  of  conducting  them  so  as  to 
answer  our  demands,  renders  us  very  iinportaut  service  by 
embellishing  our  habitations,  or  proniotiriL*  our  commercial 
intercourse,  the  art  of  draining  i   were   new 

ridics,  ft-rlillzing  tracts  of  K'  li  was  not 
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onlj  useless  but  hurtful  by  its  unwholeioBifi 
and  converting  them  into  rich  pftfttures  and  gmj 
A  wild  country,  occupied  by  marsbcs  which  arc  iMwreaidlr 
to  herds  or  ilocks,  and  servi.-  only  for  the  haunts  of  indff* 
fowls,  or  the  retreat  of  a  few  poor  fishcrineu,  when  on  it 
is  freed  from  the  waters  in  which  it  i&  drowned,  opens  ifi»  kq> 
to  receive  the  most  precious  secds^  is  soon  clothed  in  tk 
richest  garb,  gives  life  and  abundance  to  numerfiiie  heHih 
and  never  foils  to  becotnc  the  delight  of  the  inductxiov 
cultivator  who  has  enfranchised  it,  and  is  attached  to  it  li; 
the  labour  which  it  cost  him.  In  return,  it  procureai  bo 
abundance,  and  supplies  him  with  the  means  of  daily  JU^ 
menting  its  fertility.  No  species  of  sgncultttro  «xliU> 
such  long-continued  and  progressive  improvement  New 
families  ilock  to  the  spot,  and  there  multiply  ;  and  dvir 
nature  seems  the  more  eager  to  repay  their  labours,  in 
proportion  ds  she  has  been  obliged,  against  her  will*  lu 
keep  her  treasures  locked  up  for  a  longer  time,  chiDed  by 
the  waters.  The  countries  newly  inhabited  by  tlic  hawa 
race,  as  is  a  great  part  of  America,  especially  to  the  soutb- 
ward,  are  still  covered  to  a  great  extent  with  marshes  m^ 
lakes;  and  tliey  would  long  remain  in  tliis  conditioD,  if  piv 
pulatioD,  daily  making  new  advances,  did  not  tncrca^  in- 
dustry, by  multiplying  the  cultivating  hands,  at  the  onw 
time  that  it  increases  their  wants,  The  Authtw  of  ifcw 
l>eautiful  world  has  at  the  beginning  formed  the  gnat 
masses  of  mountains,  has  scooped  out  the  dales  and  sIopi| 
hiUs,  has  traced  out  tlie  courses,  and  even  formed  the 
of  the  rivers  :  but  he  has  left,  to  man  the  care  of 
his  place  of  abode,  and  the  field  which  must  feed  hun,  dry 
and  comfortable.  For  this  task  is  not  beyond  hts  povvn^ 
as  the  others  are.  Nay,  by  having  thi«  gtvci 
diarge,  he  is  richly  repaid  for  his  labour  by  ih 


in  which  he  finds  those  countries  into  which  be  penetntta 

for  the  first  time.     Being  covered  with  !;' 
the  juices  of  the  soil  arc  kept  for  him  aa  it  <^u 
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air,  the  burning  beat  of  the  sun,  and  the  continual 
»hing  of  rains,  would  have  combined  to  expend  and  dis- 
ite  ihoir  vcgetahle  |X)wers»  had  the  fields  been  exposed 
in  the  some  degree  to  Uieir  action  as  in  the  inhabited  and 
euUivatcd  countries,  the  most  ftutilc  moulds  of  which  arc 
bng  since  lodged  in  tiic  bottom  o^  tlie  ocean.  All  this 
iwjuld  liave  been  completely  lost  through  the  whole  extent 
of  South  America,  had  it  not  been  protected  hy  the  fo- 
resti  which  man  must  cut  down,  by  the  rank  herbage  which 
he  must  burn,  and  by  the  marsh  and  Ixtg  which  he  must 
doCioj  by  (b'ainlng.  Let  not  ungrateful  man  complain  of 
thia.  It  is  hi»  duty  to  take  on  himself  the  task  of  opening 
up  treasures,  preserved  on  purpose  for  him  with  so  nnicli 
judgment  and  care.  If  he  has  discernment  and  sensibility, 
he  wil]  evtri  thank  the  Author  of  ail  gootl,  who  has  UiUB 
husbanded  tlieui  fur  bis  use.  He  will  cooperate  with  his 
l)t:neficent  views,  and  will  l>e  careful  not  to  proceed  by 
wantonly  snatching  at  present  and  partial  good,  and  by 
picking  out  what  is  must  easily  got  at,  r^ardless  of  lum 
who  is  to  come  afterwards  to  uncover  and  extract  the  r^ 
maining  riches  of  the  ground.  A  wise  administration  of 
such  a  country  will  think  it  their  duly  to  leave  a  just  share 
of  tills  inheritance  to  iheir  descendants,  who  are  entitled  to 
expect  it  as  the  last  legatees.  National  plans  of  cultivation 
should  l^  formed  on  tliis  principle,  that  Uie  steps  taken  by 
the  present  cultivators  ibr  realizing  part  of  the  riches  of  the 
Lotant  country  shall  not  obstruct  the  works  which  will  af- 
terwards be  necessary  for  also  obliuning  the  remainder.  This 
i»  carefully  attended  to  in  Holland  and  in  China.  No  man 
IS  allowed  to  conduct  the  drains,  by  which  he  recovers  a 
fnece  of  marsh,  in  sucJi  a  way  as  to  render  it  much  more 
•l''^'uU  for  a  neighbour,  or  even  for  his  own  sticoessor,  to 
another  piece,  although  it  may  at  present  be  quite 
mble.   There  remains  in  the  middle  of  tlie  niuttt  cuU 

ind'.i  1   .  '      i»ot  yet 
^^^^^^^^^  It  been 
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at  pains  to  prevent  many  lilllc  abuses  which  have 
elevations  to  the  beds  of  rivers,  and  rendered  the 
draLniag  of  some  spots  inipckssiblc.  AdtntoiMimtk 
attend  to  sucli  things,  t>ecaut*e  Uiuir  cmttequeOBocA  ans  gmt 
TJie  sciences  and  arts,  by  which  akme  Uirae  diffioUl  aid 
Cufttly  jobb  can  be  performed,  ttliould  be  proCected,  eooott* 
raged,  and  cherished.  It  is  only  from  acteooc  that  we  «■ 
obtain  principles  to  direct  these  arts.  Tbc  probto  tt 
draining  canala  li  one  of  the  Bootit  important,  and  jrt  In 
hardJy  ever  occupied  Uie  attention  of  tike  hjrdmuHc  sptCB^ 
'  Ltist.  We  apprehend  that  Mr  BtiaC»  theory  wiD  thnv 
Lt  light  on  it ;  and  regret  that  the  very  Uniited  ocafi* 
tion  of  our  present  work  will  hardly  olFord  room  iar « 
ight  sketch  of  what  may  be  done  on  the  Kubjcct.  We 
however,  attempt  it  by  a  general  problciD,  ^ilMh 
will  involve  mo»t  of  the  cliief  circumstaaocs  which  ocetr-il 
works  oi^  that  kind. 

Quest.  6.  Lot  the  hallow  ground  A  (Fig.  2.)  be  ram- 
dated  by  rains  or  springs,  and  have  no  outlet  hot  thr  caad 
AB,  by  which  it  discharges  its  water  into  the  ncighboi» 
ing  river  BCDE,  and  that  its  surface  is  nearlj  on  a  Iwd 
with  that  of  the  river  at  B.  It  can  only  drain  when  tfae 
river  sinks  in  the  droughts  of  summer ;  and  even  tf  it 
could  tlicn  drain  completely,  the  putrid  niari»h  wmild  nJ^ 
be  an  infecting  neighlxjun  It  may  be  proputsed  to 
it  by  one  or  more  canals ;  ond  it  i«  required  to 
their  lengths  and  other  dimensions,  «o  aa  to  prodoca  tk 
best  efFecta  ? 

It  is  evident  that  there  are  mnny  circuniBtancc*  todsttf- 
mine  the  choice,  and  many  conditions  to  be  attended  to. 

If  the  canaJs  AC,   AD,  AE,  are  respective  (o 

the  portions  BC,  BD,  BE,  of  the  river,  and  hi  .r« 

slopes,  tiiey  will  Jiave  the  same  discharge ;  but  ckH 

for  tins  reason  equivalent.     The  long  canal  AE  may  dnna 
tlie  marsh  completely,  while  the  ^^  *''      ''  ■ 

it  in  |>art ;  Ixcause  the  diiicrencc 


WATER.  WORKS. 


567 


ut  mconnderable.  Also  the  freshes  of  the  river  may 
ilj  obstruct  die  operation  of  AC,  while  the  canal  A£ 
cacmot  be  hurt  by  them,  £  being  8o  much  lower  than  C. 
Therefore  the  canal  mu&t  be  carried  so  far  down  the  river, 
that  no  freshes  there  shall  ever  rwse  the  waters  in  the  canal 
so  high  as  to  reduce  the  slope  in  the  upper  part  of  it  to 
such  a  level  that  the  current  shall  not  be  sufficient  to  carry 
off  the  ordinary  produce  of  water  in  the  marsh. 

Still  the  problem  is  indeterminate,  adniitUng  many  solu- 
tions. This  requisite  discharge  may  be  accomplished  by  a 
short  but  wide  canal,  or  by  a  longer  and  narrower.  Let 
t|a  fint  see  what  solution  can  be  made,  so  as  to  accomplish 
our  purpose  in  the  most  economical  manner,  that  is,  by 
tacBiu  of  the  smallest  equation. — We  shall  give  the  solutiiHi 
In  the  form  of  an  example. 

Suppose  that  the  daily  produce  of  rains  and  springs 
raises  the  water  1 J  inch  on  an  area  of  a  square  league, 
which  gives  about  120,000  cubic  fathoms  of  water.  Let 
the  bottom  of  the  basin  be  three  feet  below  the  surface  of 
tlic  freshes  in  the  river  at  B  in  winter.  Also,  that  the  slope 
of  the  rfver  is  2  inches  in  100  fathoms,  or  3360^^1  ^^^  ^oX 
the  canal  is  to  be  (>  feet  deep. 

The  canal  Ix^ing  supposed  nearly  parallel  to  the  river,  it 
must  be  at  least  1800  fathoms  long  before  it  can  be  admit- 
ted into  the  river,  otherwise  the  bottom  of  the  bog  will  be 
lower  tliau  the  n)outh  of  the  canal ;  and  even  then  a  hun- 
dred or  two  more  fathoms  added  to  this  will  give  it  so  little 
slope,  that  on  immense  breadth  will  be  necessar}'  to  make 
the  discharge  with  so  small  a  velocity.  On  the  odier  hand, 
if  tiie  slope  of  the  canal  be  mode  nearly  equal  to  that  of  the 
rirer,  an  extravagant  length  will  be  necessary  before  its  ad- 
munoD  into  the  river,  and  many  obstacles  may  then  inter- 
vene. And  even  then  it  must  have  a  breadth  of  13  feet,  aa 
may  easily  be  calculated  by  tiie  general  hydraulic  theorem. 
By  receding  from  cf  '  -  '^MMd^^Hki  we  shall  dimi- 
nitih  the  rxpeii*r  '^*' 
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Let  X  and  ^  be  the  breadth  and  length,  and  h  the  deplh 
(6  feet)  of  the  canal.  Let  9  be  the  depth  of  the  bog  be- 
low  the  sur&ce  of  the  mer,  opposite  to  thfe  bau^  D  the 


discharge  in  a  second,  and  —  the  slope  of  the  river.    We 

must  make h xy  a mimmuin,  vet  xy  +  yx-=ziK 
The  general  fonnula  gives  the  vdodty 

V  ^  V^  U  d-OA)  _  Q  3  ^^  _  Q^^      This  would 

g^ve  X  and^;  but  the  logarithmic  term  renders  it  very  on* 

(Plicated.  Wc  may  make  use  of  the  simple  form  V  = zSl 

nuking  ^N^  nearly  2yb,  This  will  be  sufficiently  oaet 
for  all  cases  which  do  not  deviate  far  from  this,  beonae 
the  velocities  are  very  nearly .  in  the  subduplicate  ratio  of 
the  slopes. 

To  introduce  these  data  into  the  equation,  recollect  that 

V"  =  Y— ;  d  = —-,.     As  to  S,  recollect  that  the  canal 

nx  x+2n 

being  supposed  of  nearly  equal  length  witli  the  river* 

will  express  the  whole  difierence  of  height,  and  J^  —  g  is 
the  dtiFerence  of  height  for  the  canal.    This  quantity  briog 

divided  by  y,  gives  the  value  of  5  =  ^ 2.  •     Therefore 

y  

the  equation   for  the    canal   becomes    ^ N ^  ^  -    gi 


y 


^ 2  •    Hence  we  deduce  ^  =  Ng'^J^__jy.  ^^  ,  a  j^v 


and^=NZ^i:DV+lA) 
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—    .T^„    .    ^       '  ..      ^     If  we  subsUtutc  these 

values  m  the  equation  y  a;4-«^=0»  and  reduce  it,  we  ob- 
lain  finally^ 

■"  ^j)2  ■    — 3x  =  8rt. 
If  we  resolve  this  equation  by  making  N^=(S96)%  or 
97616 inches;  A  =  7!e,-  =  3^,  andD  =  518400,  we 

tibtnn  «=  39S  inches,  or  32  feet  8  indies,  and  ^-  or  V 

Ax 

^s:  18,86  inches.  Now,  putting  these  values  in  the  exact 
ftrmula  for  the  velocity,  we  obtun  the  slope  of  the  canal, 
which  b  ;q^,  nearly  0,62  inches  in  100  fathoms. 

Let  I  be  the  length  of  the  canal  in  fathoms.     As  the  ri- 

91 

ifet  has  ft  inches  fall  in  100  fathoms,  the  whole  &11  is  *-* 

n  ({91 
«iid  that  of  the  canal  is  -jrgr'  The  difierence  of  these  two 

must  be  3  feet,  which  is  the  difference  between  the  river  and 

the  entry  of  the  canal.     We  have  therefore  (  T(S     / 

sss  36  inches.  Hence  I  =  2604  fathoms ;  and  this  multi- 
plied by  the  section  of  the  canal  gives  24177  cnbic  fathoms 
of  earth  to  be  removed. 

This  may  surely  be  done,  in  most  cases,  for  «ght  shil- 
lings each  cubic  fethom,  which  does  not  amount  to  L.6000, 
B  very  moderate  sum  for  completely  draining  of  nine  square 
miles  of  country. 

In  order  to  judge  of  the  importance  of  this  problem,  we 
have  added  two  other  canals,  one  longer  and  the  other 
8horter«  having  thdr  widths  and  slopes  so  adjusted  as  to 
j^sure  tbesamf 
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Width. 
FetU 

4a 


Vdodty. 

1^28 


Slope. 


L<»fKh. 


Ti^  2231 


rv;r 


32i  18,36  rki  2604  14117 

«1  S8,57  KT  7381  «5889 

We  have  considered  this  important  problem  ia  its 
simple  state.  If  the  bann  U  fiu*  fFom  the  nvcr.  go  that  tki 
drains  arc  not  nearly  parallel  to  it,  and  therefore  haw  kM 
slope  attainable  in  their  course,  it  is  more  cfifflcutt  I** 
hap^  the  best  method  is  to  try  (wo  very  extreme  esaes  end 
a  middle  one,  and  then  a  fourth,  nearer  to  tluit  extrmr 
which  differs  least  from  the  midc^le  one  in  the  quaxttity  of 
excavation.  This  will  point  out  on  which  side  the  hboh 
mum  of  excavation  lies,  and  also  the  law  by  which  HdU 
miriishcs  and  aAcrwnrds  increases.  Then  draw  A  Hne^  <Mi 
which  set  off  from  one  end  the  lengths  of  the  canals.  At 
each  length  erect  an  ordinate  representing  the  excarotioD ; 
and  draw  a  regular  curve  througli  the  extrvuiitie^  of  (b« 
ordinate^  From  that  point  of  the  curve  wliicii  is  neaitfit 
to  the  base  line,  draw  another  ordinate  to  the  ba«e*  TIdi 
will  point  out  the  best  length  of  the  canal  with  suffioeHt 
accuracy.  The  length  will  determine  the  sSope,  and  itb 
will  give  the  width,  by  means  of  the  geoenl  theonS* 
N.  B.^These  draining  catuils  must  always  come  off  fti« 
the  basin  with  evasated  entries.  This  will  prevent  the  k» 
of  much  fall  at  the  entry. 

Two  canals  may  sometimes  be  necessary.  In  this  cas 
expense  may  frequently  be  saved,  by  making  one  canal  Oo» 
into  the  other.  This,  however,  must  be  at  such  a  dktanoc 
from  the  basin,  that  the  swell  produced  in  the  other  I7 
this  addition  may  not  reach  back  to  the  immediate  ncigb- 
boiurhood  of  the  basin,  otherwise  it  would  impede  the  per* 
fonnance  of  both.  For  this  purpose,  recourse  muit  be  hsd 
to  the  problem  III.  in  the  article  Hivku.  Wc  nv^^i 
here  observe,  tliat  in  this  respect  canals  dtiTer  exceed- 
ingly from  rivers:  rivers  enlarge  their  beds,  so  as  al«AJ& 
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to  convey  every  increase  of  waters ;  but  a  canal  may  be 
gorged  through  its  whole  length,  and  will  then  greatly  di- 
minish its  discharge.  In  order  that  the  lower  extremity  of 
a  canal  may  convey  the  waters  of  an  equal  canal  admitted 
into  ity  their  junction  must  be  so  far  from  the  basin,  that 
the  swell  occasiohed  by  raising  its  waters  nearly  ^  more  (v\z. 
in  the  subduplicatc  ratio  of  1  to  2)  may  not  reach  buck  to 
the  basin. 

This  observation  points  out  anodier  method  of  economy. 
Instead  of  one  wide  canal^  we  may  make  a  narrower  one  of 
the  whole  length,  and  another  narrow  one  reaching  part  of 
the  way,  and  commmiicatiiig  with  tlie  long  canal  at  a  pro- 
per distance  from  the  basin.  But  the  lower  extiiemity  will 
now  be  loo  shallow  to  convey  the  waters  of  both.  Therefore 
raise  its  banks  by  using  the  earth  taken  from  its  bod,  which 
must  at  any  rate  be  disposed  of.  Thus  the  waters  will  be 
conveyed,  and  the  expense,  even  of  the  lower  part  of  the 
long  canal,  will  scarcely  be  increased. 

These  observations  must  suffice  for  an  account  of  the  ma- 
nagement of  open  canals  ;  and  we  proceed  to  the  consider- 
ation of  the  conduct  of  water  in  pipes. 


M 


This  is  much  more  ^mple  and  regular,  and  the  general 
theorem  requires  very  trifling  modifications  for  adapting 
it  to  tlie  cases  or  questions  that  occur  in  the  practice  of  the 
civil  engineer.  Pipes  are  always  made  round,  and  thoro* 
fore  d  is  always  Jth  of  the  diameter.    The  velocity  of  water 

in  a  pipe  whidi  is  m  tram,  is  =  V,  =  = — ,    '   ,  ^ 

*^  '^  ^  s — Lv*-f-l,6 

-0.3U<i-0,l)or=(V-i-0,l)  (^,^^^^, 

—0.3). 

The  chief  questions  are  the  following ; 
Quest,  1.  Given  the  height  H  of  the  reservoir  above  the 
place  of  delivery,  and  the  diameter  and  length  of  the  pipe, 
find  the  quantity  of  water  discharged  in  a  second  ? 
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Let  L  be  the  length,  and  A  the  fall  which  would  pndner 
the  velodtj  with  which  the  water  enters  the  p^,  and 
actually  flows  in  it,  after  orerooming  aU  obBtructions.  Tlii 

V* 

may  be  expressed  in  terms  of  the  velocity  by  ^g,  G  de- 
noting the  acoeleratioa  of  giaTi^,  correqponding  to  the 
numner  of  entry.  When  no  methods  are  adopted  fer  hd- 
litating  the  entry  of  the  water,  by  a  bell-«haped  fuiBMl« 
otherwise,  2  G  may  be  assumed  as  ^  500  indies,  oc  tt 
feet,  according  as  we  measure  the  velocity  in  indies  or  fat 

V» 
1         H'— — 
The  slope  ia  ;f  =     *     8  G,  which  must  be  putintotbe 

L 

general  formula.    This  would  make  it  very  oomplioi^ 

We  may  simplify  it  by  the  consideration  that  the  vdodtj 

is  very  small  in  comparison  of  that  arising  from  the  hei^ 

H :  consequently  h  is  very  sfloalL   Also,  in  the  same  pfe, 

the  reastances  are  nearly  in  the  duplicate  ratio  of  the  v^ 

lodties  when  these  are  small,  and  when  they  diflW  little 

among  themselves.   Therefore  make  b  =  r-s  taking  k  bj 

guess,  a  very  little  less  than  H.  Then  compute  the  mean 
velocity  v  correspon^ng  to  these  data,  or  take  it  from  the 

table.     If  A  4-  5^  be  =  H,  we  have  found  the  mean  ve- 
locity V  =  V.     If  not,  make  the  following  proporticm : 
A;5^=H— yg  '  2G*  ''^^^^  ^  *^  same  with  this 

^  +  2G  •  '^  =  H  ■   V«,  and  V*  is  =  A+Zl,  = 

2G 

If  the  pipe  has  anybcndings,  thcymu^.|;         g 
for  in  the  manner  mentioned  in  the 
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haul  of- 


lor  overcoonng  Uiis  acidilionnl 


being   called   —  the  last  proportion   must  be 
iged  for 

f. :?.  Given  the  height  of  the  reservoir,  tlie  length 
*the  pipe,  and  the  quantity  of  water  which  la  to  be  drawn 
ofl*  in  a  second,  to  find  the  diameter  of  tlie  pij>c  which  will 
i  diawit  off? 

^■Q^et  d  be  considered  an  ^=  {  of  the  diameter,  and  let 

^Kc  represent  the  ratio  of  the  diameter  of  a  circle  to  its 

circumference.     The  section  of  the  pipe  is  4  c  tP-     Lei  the 

'  quantity  of  water  per  second  be  Q ;  then   - — -^     is     the 

mean  velocity.    IHvide  the  length  of  Uiepipc  by  the  height 


I  of  the  reservoir  above  the  pkce  of  delivery,  dLmini»hcd  by  a 
l^hy  small  quantity,  and  call  the  (|uotient  S.    Consider 
^Hb  as  the  slope  of  the  conduit ;  the  general  formula  now 
becomes 
Q        307  (v'tf— 0,1) 


Q  (907(^(^-0,1) 


—  0,3  (Vrf  — O,l),or 


fj^=  ^S  —  0.3(^^^  —  0,1).     We  may 

^^klect  the  last   term   in  every  case  of  civil  practice,  and 
^1^  the  small  quantity  0,1.     This  gives  the  very  simple 


307^/d 


4c  (F  VS 

which  we  readily  deduce 

*cx307|         3b6H| 
'his  process  <^ives  the  diameter  somewhat  too  small.   But 


easily  rectify  this  error  hy  computinj 

by\he  I 
proposed.     TliL'u  «<lt 


the  f|uantity  de- 

I  liiequan- 

UoElkwo 
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pipes  having  the  same  length  and  the  same  slope  giveqiiU' 
titles  of  water,  of  which  the  squares  are  nearly  a&  the  5th 
powers  of  the  diameter,  wc  form  a  new  diameter  in  this  pro- 
portion, which  will  be  almost  perfectly  exact. 

It  may  be  observed  that  the  height  assumed  for  deter- 
mining the  slope  in  these  two  questions  will  seldom  differ 
more  than  an  inch  or  two  from  the  whole  heiglit  of  the  re- 
servoir above  the  place  of  delivery;  for  in  conduits  of  a 
few  hundred  feet  long  the  velocity  seldom  excceda  four  feel 
per  second,  which  requires  only  a  head  of  3  inches* 

As  no  inconvenience  worth  minding  results  from  "mVt'^ 
the  pipes  a  tentli  of  an  inch  or  so  wider  than  is  barely  mA 
cicnt,  and  as  this  generally  ia  more  than  the  error  arifiifl|f 
from  even  a  very  erroneous  assumption  of  hy  the  answer  first 
obtuncd  may  be  'augmented  by  one  or  two  tenths  of  an 
incl),  and  then  wc  may  be  confident  that  our  conduit  will 
draw  off  llie  intendcnl  quantity  of  water. 

We  presume  tliat  every  person  who  assumes  the  nameii 
engineer  knows  how  to  reduce  the  quantity  of  water  ousft* 
sured  in  gallons,  pints,  or  other  denominations,  to  cubic 
inches,  and  can  calculate  the  gallons,  &c.  furnished  by  t 
pipe  of  known  diameter,  moving  with  a  velocity  that  is 
measured  in  inches  per  second.  Wo  farther  suppose  thftt 
all  care  is  taken  in  the  construction  of  the  coixduit,  lo  avoid 
obstructions  occasioned  by  lumps  of  solder  hanging  in  the 
inside  of  the  pi|)es ;  and,  particularly,  that  all  llic  cocks 
and  plugs  by  the  way  have  waterways  equal  to  the  sectioQ 
of  the  pipe.  Undertakers  are  most  tempted  to  fail  herr> 
by  making  the  cocks  too  small,  because  large  cocks  are  very 
costly.  But  the  employer  sliould  be  scrupulously  attentiro 
to  this;  because  a  simple  contraction  of  tliis  kind  may  be 
the  throwing  away  of  many  hundred  pounds  in  a  wide  ppei 
which  yields  no  more  water  than  can  pass  through  the  floiall 
cock. 

The  chief  obstructions  arise  from  the  deposition  of  sand 
or  mud  in  the  lower  parts  of  pipes,  or  the  collccUon  of  air 
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upper  parts  of  their  bendiags.  The  vcloc'ity  being 
always  very  moderate,  such  depositions  of  heavy  matters  are 
unarokiable.  The  utmost  care  should  thereibre  be  taken  to 
have  the  water  freed  from  all  such  things  at  its  entry  by 
prc^r  filtration ;  and  there  ought  to  be  cleansing  plugs  at 
the  lower  parts  of  the  Ijendings,  or  rather  a  very  little  way 
beyond  them.  When  these  are  opened,  the  water  issues 
with  greater  vetocity^  and  carries  the  depositions  with  it. 

It  is  much  more  difficult  to  get  rid  of  the  air  whick 
c^iokes  the  pipes  by  lodging  in  their  upper  ports.  This  is 
sometimes  taken  in  along  with  the  water  at  tlie  reservoir, 
when  the  entry  of  the  pipe  is  too  near  the  surface.  This 
should  be  carefully  avoided,  and  it  costs  no  trouble  to  do  so* 
If  the  entry  of  the  pipe  is  two  feet  under  the  surface,  no  air 
can  ever  get  in.  Floats  should  be  placed  above  the  entries, 
hsring  lids  hanging  from  them,  which  will  shut  the  pipe  be- 
fore the  water  runs  too  low. 

But  air  is  also  disengaged  from  spring-water  by  merely 
pssrang  along  tlie  pipe.  When  pipes  are  supplied  by  an  en- 
gine, air  is  very  often  drawn  in  by  the  pumps  in  a  disen- 
gaged state.  It  is  also  disengaged  from  its  stale  of  chemical 
iinion,  when  the  pumps  have  a  suction-pipe  of  10  or  12 
feet,  which  is  very  common.  In  whatever  way  it  is  intro* 
daced,  it  collects  in  ail  the  upper  port  uf  bendiiigs,  and 
chokes  the  passage,  so  that  sometimes  not  a  drop  of  wa- 
ter is  delivered.  Our  cocks  should  be  placed  there,  which 
should  be  opened  frequently  by  persons  who  have  tliis  in 
charge.  Dcsaguilicrs  describes  a  contrivance  to  be  placed  on 
all  such  eminences,  which  docs  this  of  itself.  It  is  a  pipe 
with  a  cock,  terminating  in  a  small  cistern.  The  key  of 
the  cock  has  a  hollow  ball  of  copper  at  the  end  of  a  lever. 
When  there  is  no  air  in  the  main  pipe,  water  comes  out  by 
this  discharger,  fills  the  cistern,  raises  the  ball,  and  thus 
shuts  the  cock.  But  when  the  bend  of  the  main  contains 
wr,  it  rises  into  the  cistern,  and  occupies  the  upper  part  of 
it.     Thus  the  lloating  boll  falls  down,  the  cock  opens  and 
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fctit  out  the  air,  and  the  cixtcm  agiun  fiUiofr  with  wwcf ,  ^ 
ball  rises,  and  the  ccxrk  is  again  sliut. 
A  very  neat  contrivance  for  this  purpose  was  iaretuetil^ 
fate  Professor  Russell  of  Edinburgh.  The  oyltndlnal 
pipe  BCDE  (Fig.  3.),  at  the  upper  part  of  a  bndo^rf 
the  main,  is  screwed  on,  the  upper  es)d  of  wluc))  is  a  lA 
plate  perforated  wiih  a  small  hole  F-  This  pipe  rnnlMM 
a  hollow  copper  cylinder  G,  to  the  upper  p^rt  of  whidb  to 
fastened  a  piece  of  sof^  leather  H>  IVIicn  there  b  air  is 
the  pipe,  it  comes  out  by  tlie  hole  A,  and  occupks  ihr  die* 
charger,  and  then  escapes  through  the  hole  F.  The  vila 
follows,  and,  rising  iu  tlic  discharger,  lifts  up  the  boAm 
cylinder  G,  causing  the  leather  H  to  apply  itaelf  to  tfcr 
plate  CD,  and  shut  the  hole.  Thus  the  air  is  ciudHVged 
without  the  smallest  loss  of  water. 

It  is  of  the  most  material  consequence  that  thcrv  be  W 

contraction  in  any  part  of  a  conduit.    This  ia  evident;  \mA 

it  is  abu  prudent  to  avoid  all  mmcccssarj  eailaigtaDett^ 

For  when  the  ctinduit  is  full  of  water  morinj^  A^oog  it,  lift 

velocity  in  every  section  ia  inversely  proportional  Id  ibl 

area  of  the  section  :  it  is  therefore  diminished  v  '  '^e 

pijx:  is  enlarged  ;  but  it  must  again  be  iocr-^*^ 

pipe  contracts.     This  cannot  be  witlioui  ^^ 

in  the  acceleration.     This  consumes  part  of  the  impeUiail 

power,  whether  this  Ik*  a  head  of  water,  or  the  focrc  of  «a 

engine.     See  what  is  said  on  this  subject  tn  the  foilowiog  di^ 

sertation  on  Pirups.    Nothing  ia  gained  by  any  enkig»- 

ment ;  and  every  contraction,  by  requiring  an  augmentatiaa 

of  velocity,  employs  a  part  of  the  impelling  force  predady 

equal  to  the  weight  of  a  column  of  water  whoGc  base  is  tbc 

contracted  passage,  and  whose  height  is  the  Call    which 

would  produce  a  velocity  equal  I"    '  vneatatlPD*  Tli» 

point  seems  to  liave  been  quite  o\..j  ■....•  hv  ^noJoecfa 

the  Hrst  eminence,  and  has  in  many  inst;u)i  < 

nished  die  porfonnoucc  of  their  best  wtirks.     i 

detrimental  in  open  canaU;  bocaiiM:  at  owry  u^iinuLiivii 
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11  fall  ta  required  for  r«0toritig  Uie  velocity  lo6t  in  llie 
rgemcnt  of  the  csoal,  by  which  the  gcueral  Hlo}>e  and 
aty  nre  diminJslied.     Another  point  which  inijst  be  ftt- 
[ed  to  in  the  conducting  of  water  is,  llmt  the  uuttioii 
lid  not  be  subsiilLory,  bul  euiitiniiouH.     When  water  m 
driven  along  a  main  by  the  strokes  of  a  reciprocating 
le,  it  should  be  forced  iuta  an  air-lx}x,  tlie  s)>ring  of 
may  preserve  it  in  motion  along  the  wliolc  subse- 
^qpcDt  main.     If  the  water  Is  brought  to  rest  at  every  suc- 
hKtre  ttxoke  of  the  piston,  the  whole  mass  must  again  be 
^Hin  motion  through  the  whole  length  oJ'  the  main.  Thi» 
P^bires  the  same  useless  expenditure  of  jMwer  as  to  coni- 
munieate  this  motion  to  as  much  dead  matter ;  and  tiiis  is 
^■r  and  above  tlie  force  which  may  be  necessary  for  rai»- 
|S^  the  water  to  a  certmn  height;   which  is  the  only  cir- 
cumstance ihsi  enters  into  the  calculation  of  the  power  of 
th£  pum|>-engine. 

An  air-box  removes  this  imperfection,  because  it  keep 
(Up  the  motion  during  the  returning  stroke  of  the  piston. 
The  oompres&ion  of  the  air  by  the  active  stroke  oi'  tlie  pis- 
ton must  be  such  as  to  continue  the  impulse  in  opposition 
to  the  contrary  pressure  of  tlie  water  (if  it  is  to  be  raised 
A^Bomc  height),  and  in  opposiUoii  to  the  friction  or  other 
^HptaDces  which  aiise  from   tlie  motion  that  the  water 
^Hly  acquires.     Indeed  a  very  con«derable  force  is  em- 
HP^cd  here  also  in  chan^g  the  motion  of  the  water,  wludi 
>'  is  fimed  out  of  the  capacious  air-box  into  the  narrow  pipe ; 
and  when  this  change  of  motion  is  not  judicioutily  managed, 
tlie  expenditure  of  power  nioy  be  as  pfreat  as  if  all  were 
brought  to  rest  and  ognin  put  into  motion.     It  may  even 
I  be  greater,  by  causing  the  water  to  move  in  the  opposite 
I  dkwtioa  to  its  former  motion.     Of  mu-U  cc^  v  i&  it 

kve  all  these  circumstance*  sci^iitiiicuJly  l  i.  ...  ..d.    It 

ntch  portkubn,  uolicfdcd  by  llie  ordinary  herd  of 
(Juit  \he  superiority  of  an  uiUtLi 

r 
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Another  matenal  point  in  the  ooaduii  of  water  hi 
i&  tlie  distribution  of  it  to  the  dLirercnt  penoiu  who  hut 
oocwaon  for  it.  This  is  rarelj  done  fran  the  rising  naaa  It 
18  usual  to  send  the  whole  into  a  dstem,  hoai  wbidi  it  ii 
aRerwardfi  conducted  to  dilFerenL  pUoea  in  fififiuMe 
Till  the  dificovcry  of  the  general  theorem  by  ch« 
Buat,  this  has  been  doue  with  great  inaccuracy, 
necrs  tliiuk  that  tfie  difi'erent  purchaseis  from  w«tcr-< 
receive  in  proportion  to  tlicir  respectiTe  bai^guns  wlien  thif 
give  them  pipes  whose  areas  are  proportiorud  to  tbcse  p*}^ 
meot^  But  we  now  see,  that  when  these  pipes  arc  of  wf 
eonnderablc  length,  the  waters  of  n  larger  pape  run  mith  i 
greater  velocity  than  those  of  a  smaller  ppe  having  tbeanv 
slope.  A  pipe  of  two  inches  diamoier  will  give  mucb 
water  than  four  ppes  of  one  inch  dtamet«r ;  it  will 
much  as  five  and  a  half  such  pipes,  or  more ; 
S(|uares  of  the  discharges  arc  very  nearly  as  the  Ht\h  fofwtn 
of  die  dlamctcrn.  This  point  ought  thereforv  to  iw  tms 
fully  considered  in  the  bargains  made  with  the  ptftpmAaO 
of  watcr-works,  and  the  payments  made  in  this  proportiaiu 
Perhaps  the  most  unexceptionable  method  would  be  10 
make  a  double  distribution.  Let  the  water  be  Bret  let  of 
in  its  pro{)er  proportions  into  a  second  scries  of  sniaJI  cb* 
temsy  and  let  each  have  a  pi})e  whicli  will  convey  the  wfafik 
water  that  is  discharged  into  it.  The  ^irst  dtaUibulka 
may  be  made  entirely  by  pipes  of  one  inch  in  diameterfi 
tliis  would  leave  nothing  to  the  calculation  of  the  dtflri- 
butor,  for  every  man  would  pay  in  proportion  to  the  nuia* 
ber  of  such  pipes  which  run  into  his  n^r-;       '  m. 

In  many  cases,   however,  water  is  i  "-d  Irv  pip^ 

derived  from  a  main.     And  here  another  circai 
comes  into  action.     When  water  is  passing  af<  '^i 

its  pressure  on  the  sides  of  the  pipe  is  diminu.i...  ..^,  itt 
velocity  ;  and  if  a  pipe  is  now  derivetl  from  it,  ihe  c^itsa- 
tity  drawn  o0*  is  also  diminished  in  the  sufoduplicate  raitn 
of  tlie  {pressures.     If  the  pressure  is  rcdticed  to  |th,  itl^ 
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,^tfa»  &c.  the  discharge  from  the  lateral  pipe  is  reduced  to 

4,  jd,  ith,  kc 

It  jfl  therefore  of  great  importance  to  determine,  what 
this  dinuoulion  of  pressure  is  wliich  ariiios  from  the  loutiun 
along  the  nuin. 

It  is  pljuoy  tt)at  if  the  water  suffered  nu  resistuDce  in  the 
main,  its  velocity  would  be  that  widi  which  It  entered^  and 
^jrould  pass  along  without  exerting  any  pressui*e.  If  the 
^pes  were  shut  at  tlie  cad,  tlie  pressure  on  the  sides  would 
tie  the  full  pressure  of  the  head  of  \rater.  If  Uie  head  c£ 
vraXer  remain  the  same,  and  the  end  of  the  tube  be  contract- 
ed, but  not  stoppetl  entirely,  the  velocity  iu  the  pipe  b  di- 
minialied.  If  we  would  liave  the  velocity  in  the  pipe  with 
Uus  ooDtrocted  moutli  augosentcd  to  what  it  was  before  the 
csantnction  was  niaile,  we  mu»t  employ  the  pressure  of  a 
putDOy  or  of  a  head  of  water.  This  b  propagated  tlirough 
the  fluid}  and  thus  a  pressure  is  immediately,  excited  on  the 
sides  of  the  pipe.  New  obstructions  of  any  kind,  uris'mg 
frtetiou  or  any  oUier  cause,  produce  a  diminutiuo  of 
ty  ta  the  pipe.  But  when  the  natural  velocity  is 
:ked,  the  particles  react  on  what  obstructs  their  mcv 
IJMi;  and  this  action  is  uniformly  propagated  through  a 
^■fect  iluid  in  every  direction.  The  resistance  therefore 
^Bch  we  tlius  oscnbe  to  friction,  produces  the  some  lateral 
proesure  which  a  contraction  of  the  orifice,  which  equally 
diminiahes  the  velocity  iu  tlic  pipe,  would  do.  Indeed  this 
^■emonfttrable  from  any  distinct  notions  that  we  can  form 
of  these  obstructions.  They  proceed  from  the  want  of  per- 
^tt  smoothness,  which  obliges  the  particle  next  tlie  sides 
^BDove  in  undulated  lines.  This  excites  transverse  forces 
an  the  same  manner  as  any  constrained  curvUineol  motion, 
A  particle  in  its  undulated  path  tends  to  escape  from  it, 
and  acts  on  tlie  lateral  particles  in  the  same  manner  that  it 
would  do  if  moving  simply  in  a  capillary  tube  having  the 

Kc  undulations ;  it  would  press  on  the  concave  side  of 
y  such  undulation.    Thus  u  pressure  is  exerted  among 
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pailiclL^  which  is  propagated  to  the  aidet  of  tbt  ftfti 

»r  the  diminution  of  velocity  majr  arise  fruui  m  loaoJitji  a 
rani  of  perfect  fluidity.     This  obUga  the  portide  uuafr- 
ildy  pressed  to  drag  along  with  it  another  p"*-'^-!-*  *fsA 
ilhheld  by  adhesion  to  tlie  side*.     Tlii&  Tl  i^ 

mal  pressure  from  a  piston,  or  an  additkmiii  htauX  oT'  -m^ 
and  tills  pressure  also  is  propagatod  to  the  nla  of 
ic  pipe. 

Hence  it  should  follow,  that  the  pressure  vhids  MUr 
motion  exerts  on  the  sides  of  its  conduit  is  eqtni  19 
lAt  which  is  competent  to  the  head  of  water  whidi  inph 
into  tlie  pipo,  diminished  by  t}ie  hmd  of  water  Gx>in|»taA 
to  the  actual  velocity  with  which  it  moves  along  tiie  pipl 
*t  H  represent  tlic  head  of  water  which  im|x?ls  i(  iiilutbe 
of  the  pipe,  and  A  tlie  head  which  would  pcoduMtke 
lol  I'elociCy  ;  dien  H  —  A  is  the  column  which  wooU 
produce  the  pressure  exerted  on  its  sides. 

This  is  abundantly  verified  by  very  simp'  innm- 

Let  an  upright  pl^K'  be  inserted  into  the  ■■-"  he  nuiB 

pipe.  When  the  water  runs  out  by  tlie  tnoutlt  oi  tke 
main,  it  will  rise  in  this  branch  till  the  weight  of  thr  uv 
luran  balances  the  pressure  that  supports  ii ;  and  if  vc 
then  ascertain  the  velocity  of  tlie  issuing  waicr  by  loms 
the  quantity  discharged,  and  compute  the  head  or  faeiglbl 
lecessary  for  pnxlucing  this  velocity*  and  f  '  •  *  ihb 
from  the  height  of  water  above  tlie  entry  of  li  ^ 

shall  find  the  height  in  the  branch  precisely  equal  to  ihca 
dilicrence.     Our  readers  may  see  this  by  ex  *< 

experiments  related  by  Gravesande,  and  Mii.  vt..-..  if 
consulting  the  experiments  narrated  by  IkKcMJt,  §  536, 
which  are  detailed  with  great  minuteness ;  tJie  mulu  cat^ 
resjxindcd   accurately  with  lliis  i  "'  ^^^i. 

nient!)  indeed  were  not  heights  ol  ^  ^  *• 

pressure,  but  water  expelled  by  it  Uin>ugh  tlic  sm 
Indeed  the  truth  of  the  proposition  .'  Ji 

wi-  can  con.'nder  the  motion  tif  watw-       ....i   . 
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>1  importance  in  the  practice  of  conducUng  water  (for 
reasons  which  will  presently  appear),  it  nients  a  particular 
Utention.     When  an  inclined  tube  is  in  train,  the  acceler* 

R power  of  the  water  (or  its  weight  diminished  in  the 
rtion  of  the  length  of  the  oblique  column  to  its  verti- 
eight,  or  its  weight  multiplied  by  the  fraction — ' 

^■b  expresses  the  slope),  is  in  equilibrio  with  the  olv 
Iffictions ;  and  therefore  it  exerts  no  pressure  on  the  pipe 
>ut  what  arises  from  its  weight  alone.  Any  part  of  it 
prould  continue  to  slide  down  the  inclined  plane  with  a  con- 

kvelodty,  though  detached  from  wliat  follows  iu  It 
fore  derives  no  pressure  from  the  head  of  water  which 
vspelied  it  into  the  pipe.  The  same  must  be  smd  of  a  ho- 
faontal  pipe  infinitely  smooth,  or  opposing  no  redstance. 
)rhe  water  would  move  iu  this  pipe  with  the  full  velocity 
Jue  to  the  head  of  water  which  impels  it  into  the  entry. 

St  when  the  pipe  opposes  an  obstruction,  the  head  of 
k  is  greater  than  that  which  would  impel  it  into  the 
e  with  the  velocity  that  it  actually  has  in  it ;  and  this 
idditioual  pressure  is  propagated  along  the  pipe,  where  it 
p  bdanced  by  the  actual  resistance,  and  therefore  excites  tt 
nsagua  ver^um  pressure  on  the  pipe.  In  short,  whatever 
Sart  of  tljc  head  of  water  in  the  reservoir,  or  of  the  pres- 
ture  which  impels  it  along  the  tube,  is  not  employed  in 
producing  velocity,  is  employed  in  acting  against  some  ob- 
ftruction,  and  excites  (by  the  reaction  of  this  obstruction] 
in  equal  pressure  on  the  tube.  The  rule  tl>erefore  b  ge- 
petalf  but  is  subject  to  some  modificatious  which  deserve 
>ur  attention. 
In  the  simply  inclined  pipe  BC  (Fig.  4.),  the  pressure 
Any  point  S  is  equal  to  tliat  of  the  head  AB  of  water 
impels  the  water  into  the  pipe  wanting,  or  minta 
»f  the  head  of  water  which  would  communicate  to  it 
relocJty  with  which  it  actually  movc*^  TIm* 
Xy  and  consider  it  as  the  wei^^t  of  -^ 
rot.  u.  '  2  r 
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whose  length  alfltt  is  .r.  In  Rkc  mahncr  II  miiy  be  the  co- 
lumn AB,  vhkh  impels  ihc  water  inio  the  pipe,  and  wodkl 
commimitote  a  certain  velocity  ;  und  h  mny  represent  the 
eoliitnn  which  would  communicate  the  actual  velocity.  \V« 
have  therefore  J*  =^  H  ^—  A. 

In  the  pipe  lilKL^  tlic  pressure  at  the  poiiU  I  h  Al 

—  h  —  lO,  =:  H  —  A  —  lO ;  and  the  jircftsurc  at  K  is 
H  — A  +  PK. 

And  in  the  pipe  DEFG,  ihepresmrc  on  E  is  =i  Aft** 
h—  EM,  =  H  —  A  —  EM ;  and  the  pressure  at  F  ts  S 

—  h  +  FN. 

We  must  carcftilly' distinguish  this  pressure  on  any  Bqtiart 
inch  of  the  pipe  from  the  obstruction  nr  rcsii^ance  which 
that  inch  actually  exerts,  and  which  is  jjart  of  the  cause  of 
this  pressure.  ITie  pressure  is  (by  tlie  laws  of  hydtostalica) 
the  same  vnUi  that  exerted  on  the  water  by  a  square  inch 
of  the  piston  or  forcing  head  of  water.     This  munt  ba- 
lance the  united  obstructions  of  the  whole  pipe,  in  as  &r 
ak  they  are  not  balanced  by  the  reladvc  weight  of  the  w>- 
ler  in  an  enclosed  pipe.     Whatever  be  the  inclination  of  ft 
pipe,  and  the  velocity  of  the  water  in  it,  there  is  a  cetwa 
part  of  this  resistance  which  may  not  be  balanced  by  tht 
tendency  which  the  water  has  to  shde  along  it,  pnwifW 
the  pipe  be  long  enough  ;  or  if  the  pipe  is  too  sliort,  the 
tendency  down  the  pipe  may  more  than  balance  all  the  re- 
sistances that  obtain  below.    In  tJie  first  case,  tliis  ovcrpfes 
hiusi  be  balanced  by  an  additional  head  of  water ;  and  m 
the  latter  case  the  pipe  is  not  in   train,  and  the  watit 
will  accelerate.     There  is  somelliing  in  the  mechaman  rf 
these  motions  which  makes  a  certain  Icugili  of  pipe  nece»* 
sary  for  bringing  it  into  train ;  a  certain  portion  of  the 
Surface  which  acts  in  concert  in  obstructing  the  motioD. 
We  do  not  completely  understand  this  circumstance,  Itft 
"fre  can  form  a  pretty  distinct  notion  of  its  mode  of  art- 
mg.     The  6hn  of  Avatcr  conligucjus   Co   the  pipe  is  "itl'* 
held  by  the  obstruction,  but  i;lidcs  aloru* :  the  film  iinmed*- 
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withheld  by  the  outer  iiini,  Inil  glide:* 

lua  all  the  concentric  films  glule  witJuii 

sotucwhal  like  the  sliding  tubc«  of  a 

re  draw  it  out  by  taking  hold  of  liie  «nd 

Thus  the   second  iilm  passes  beyond 

k06t,  and  becomes  the  outermost  and  rubs 

The  third  does  the  same  in  its  turn ;  and 

d  filaments  come  at  last  to  the  aut£ide«  and 

r  greatest  possible  obstruction.     When  this 

1,  the  pipe  is  in  train.     This  requires  a  cer- 

licli  we  cannot  determine  by  theory.  We  eco, 

pipes  of  greater  diameter  must  require  a 

,  and  this  in  a  proportion  which  is  probably 

nber  oT  filaments,  or  the  square  of  the  di&- 

found   tliiti  supposttioB  agree  well  enough 

inents.    A  pipe  of  one  inoh  in  diameter 

bange  of  velocity  by  gradually  shortening  it 

it  to  six  feet,  and  then  it  discharged  a  little 

1  pipe  of  two  indies  diameter  gave  a  scn«ble 

of  velocity  wlien  shortened  to  ^  feet.     He 

tliat  the  square  of  tlie  diameter  m  inches, 

71^  will  exfiresti  (in  inches)  the  length  ncces- 

ig  ony  )upe  in  train. 

»oe  exerted  by  a  square  inch  of  tlic  pipe  makes 
riof  the  preasure  which  the  whole  reliances 
Kerted  there  before  they  can  be  overcome. 

I  may  be  represented  by  — ,  when  d  is  the 

h  (^th  of  the  diameter),  and  j/  the  lengtli  of  a 

^f^rticai  lieight  is  one  incl)»  and  it  is  the  re- 
a  column  oC  ^oter  whose  base  is  a  sciuare 
For  the  resistance  of  any  length  s 
«u)y  is  equal  to  tlie  tcuUeDcy  uf  llie 
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nilude  of  tlus  column  is  had  by  mullrplying  its  length  bf 
its  section.  The  section  is  tJie  product  of  the  border  b  or 
cii-cumference,  multiplied  by  the  mean  deptli  </,  or  it  i&biL 
This,  multiplied  by  the  IcngtJi,  \sbda;  and  this  iinilti|ii>- 

cd  by  the  slope  —  is  6  d,  the  relative  weight  of  llic  colum 

whoso  length  is^.     The  relative  weight  of  one  inch  uthcf^- 

fore  — ;  and  this  is  in  equiiibrio  witli  the  mu^AnceofA 

ring  of  the  pipe  one  inch  broad.  This,  when  unfblded»ii 
a  parallelogram  b  inches  in  length.     One  inch  (if  this  thov- 

fore  is  — ,  tlie  relative  weight  of  a  column  of  waiar  bovif^ 

a 

d  for  its  height  and  a  square  inch  for  its  bote.    Suppoai 

the  pi{)e  four  inches  in  diameter,  and  the  slope  =  ^K53, 
resistance  is  one  grain ;  for  au  incli  of  water 
grains. 

This  knowledge  of  Uie  presBure  of  water  in  inotioa  ii 
great  importance.     In  the  mau^ement  of  rivers  and  ca» 
nals  it  instructs  us  concerning  the  damages  m  ^ 
duce  in  their  beds  by  tearing  up  the  soil  ;  it  iui^MUi.-.  us 
the  strength  which  we  must  give  to  the  banks  :  but  it  if 
more  consequence  in  the  monagcnient  oi'  close  oondtdta^ 
By  thip  wc  must  regulate  the  strength  of  our  pi 
this  also  we  must  ascertain  the  quantities  uf  voter 
may  be  drawn  od'  by  lateral  branches  finom  any 
duit 

With  respect  to  tlie  first  of  these  nbjtvts,  wiit-rt-  se 
is  our  sole  concern,  it  is  proper  to  consider  the  prcssutf  i 
the  most  unfavourable  circumstances,  viat-  when  the  end 
the  main  is  sliut.     This  case  is  not  unfrequent.     NaT] 
when  the  water  is  in  motion,  its  velocity  in  '^  --^n'lMf  m 
dom  exceeds  a  very  (Q\f  feel  in  a  second.     1  t 

second  requires  only  one  foot  of  water  to  produce  it.  Wi 
should  therefore  estimate  the  strain  in  all  conduits  by  tb 
wboli'  height  of  the  ro-^Tvoir. 
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In  order  to  adjust  the  strength  of 


strength  ot  a  pipe  to  the  strain^ 
vfe  ni&y  couceive  it  as  consisting  of  two  half  cylinders  of 
insuperable  strength,  joined  along  the  two  seams,  where 
the  strength  is  the  same  with  the  ordinary  strength  of  the 
materials  of  which  it  is  made.  The  inside  pressure  tends 
to  burst  the  pipe  by  tearing  open  these  seams,  and  each  of 
them  sustains  half  of  the  strain.  The  strain  on  an  inch  of 
these  two  seams  is  equal  to  the  weight  of  a  column  of  wa- 
ter whose  height  is  tlie  de})th  of  the  seam  below  the  sur- 
face of  the  reservoir*  and  whose  base  is  an  inch  brood  and 
a  diameter  of  the  pipe  in  length.  Tliis  follows  irom  the 
Gommou  principles  of  hydrostatics. 

Suppose  the  pipe  to  be  of  lead,  one  foot  in  diameter  and 
100  feet  under  the  surface  of  the  reservoir.  Water  weighs 
C2i  pounds  ^e;-  foot.  The  base  of  our  column  is  therts 
fore  iSth  of  a  foot*  and  the  tendency  to  burst  the  pipe  is 
100  X  624  X  i-s  =  **•%  =  521  pounds  nearly.  There- 
fore an  incli  of  one  scam  is  strained  by  ^60j  pounds.  A 
rod  of  lead  one  inch  square  is  pulled  asunder  by  860 
pounds(STii£NOTH0FMATKBiALS,vol.I.).  Therefore, if  tlic 
thickness  of  the  seam  is  =  iH  inches,  or  jd  of  an  inch,  it 
will  just  withstand  this  strain.  But  we  must  make  it  much 
stronger  than  this,  especially  if  the  pipe  leads  from  an  en- 
gine whicli  sends  the  water  along  it  by  starts.  Belidor  and 
Dcsaguiliers  have  given  tables  of  the  thickness  and  weights 
of  pipes  which  experience  has  found  sufficient  for  the  dif- 
ferent materials  and  depths.  Desaguilicrs  says,  that  a 
leaden  pipe  of  Jths  of  an  inch  in  tliickness  is  strong  enough 
for  a  height  of  I'M)  feet  and  diameter  of  7  inches.  From 
Uiis  wc  may  calculate  otliers.  Uclidur  says,  tlial  a  leaden 
pipe  12  inches  diameter  and  60  feet  deep  should  be  half 
inch  thick  ;  but  these  things  will  be  more  properly  oon- 
ited  by  means  of  the  list  given  in  the  article  Strekgtu 
OF  Matkkials,  vol.  I. 

The  application  which  we  ore  most  anxious  to  make  of 
the  knowledge  of  the  pressure  of  moving  waters  is  the  tle- 
hvotion  fronk  a  main  conduit  by  lalcral  branches.     This 
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occurs  vct^  frequently  in  Iho  di»tnl)uLJoii  oi'  vtnu^rt 
the  inhabitanta  of  towns ;  snd  it  ifl  lO  itnpevAcily  undtfl 
stood  by  tho  groalcst  part  of  tliode  w'-  *rf 

engineers,  that  individuals  have  no  seciiti^j  vi**>  »ji*.t  »Mill 
get  even  one  half  of  the  water  tliey  bcu^^a  and  pay  iat\ 
^i  tilts  may  be  as  accurately  ascertained  as  atiy  other  pnv 
blcm  in  hydraulics  by  means  of  our  g«Derft)  theorem.  IV 
case  therefore  merits  our  particular  atlention. 

It  appears  to  be  determined  already,  when  we  havt»- 
certained  tlte  pressures  by  whkh  the  water  ia  ii  lU 

these  laterd   pipes,  especially  after  we  have  soju  i  ^(  the 
experiments  of  Bossut  on   the  actiud  diachargea  final  t 
lateral  pipe  fuUy  conBnn  the  thev>reiical   doctrine.    But 
luucl)  renmins  to  be  considered.     Wc  have  seen  tJuK  ilwf* 
is  a  vast  ditferonco  between  the  discharge  made  ih 
hole,  or  even  through  a  short  pi^H^  and  the  discharge 
the  far  end.  of  a  pipe  derived  from  a  main  coodDit 
even  when  this  has  has  been  ascertained  by  our  WW  tba^ 
ry,  tlic  discharge  thus  modified  will  be  found  eoimieniij 
different  from  the  real  state  of  things :  far  when  wa»r  \$ 
flowing  along  a  main  with  a  known  velodtji  and  lhart6«e 
exerting  a  known  pressure  on  the  eirde  which  "- 
for  the  entry  of  a  branch,  if  we  insert  a  branch 
will  go  akmg  it :  but  this  will  generally  make  « 
alile  change  in  the  motion  along  iJie  main,  and  thcivfiavMi 
the  pressure  which  is  to  evpel  the  water.  1 1  aluo  makes 
siderabic  change  in  the  whole  quantity  which  passes 
theantcrior  partof  the  nuun,  and  a  still  greator  change un 
moves  nlong  that  part  of  it  which  lies  beyond  the  braodl  I 
therefore  alfecis  the  quantity  necessary  for  tJie  whole  vitp|il 
tlie  force  tliut  is  required  fur  propelling  it,  and  the  i|uaiicil; 
deHvcred  by  other  branches.  This  part  then/ore  of 
nagemimt  of  water  in  conduits  isof  oonsiderab' 
and  intricacy.     We  can  proj')ose  in  this  plaet*  i 
than  asolution  of  such  lending  questkms  as  invc^rolho 
circumstmiccb,  recommending  to  our  reader*  ihii  pe 
original  worVb  uwOavb  t^vj^i^^^^A.,    H-  XSonwul^  c^i^ 
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are  i'ully  competent  to  the  efttablishiaonl  oi  Uio  luudanuin- 
tel  principle.  The  hole  through  which  the  Uteral  di^ 
charges  were  madv  was  but  a  few  lect  from  tlic  ■:  -■  ^r. 
Tliu  pipi:  was  Miocestiivcly  leiiglhcuedj  by  whicli  L- 

fl  were  increased}  apd  the  velocity  diTniuialieU.     Bui 
did  luH  alf'cct  the  lateral  ctitcharges,  except  hy  afTect^ 
iho  prcs&ures ;  and  the  tlisdiargcs  fruin  the  ciul  of  tlie 
were  supposed  to  bo  the  Bumc  as  when  the  lateral 
vraa  not  inserted.  Altliough  this  was  not  strictly  true, 
diifiircnce  waa  mfieDsibk)  because  the  lateral  pipe  huil 
but  about  the  18t]i  part  of  the  area  of  the  main. 

Suppose  that  ihu  discliorge  from  the  reservoir  remoius 
hBe  same  after  the  derivatiuu  uf  this  brunch,  then  the  mo~ 
^Kn  of  the  water  all  the  way  to  the  insertion  of  the  branci) 
•-  the  saaie  *>  before  *,  bat,  beyond  this,  the  disdiarge  b 
i&hed  by  all  that  is  discharged  by  the  branch,  with 
head  a-  etjuivalont  to  the  pressure  on  the  side.  The 
barge  by  llie  lower  end  of  the  main  being  diminished^ 
velticity  and  resistance  in  it  ^r^  also  dimiui^ij^.  Ther(> 
ore  the  diflereuce  b«tweeQ  ^r  ood  tlia  hcud  employed  tp 
^nzonic  tJie  friction  in  tins  s         '  'I  be  a  necd- 

or  ineflicient  pait  of  the   ^  '»*^'y>  whi*fb 

I  is  impos&ible  ;  for  every  force  produces  an  eiS^i,  or  it  i^ 
■^iBtroyed  by  some  reaction.  The  cilcctof  the  forcing  Iicad 
^V  water  is  to  produce  iJie  greatest  dibchoi'ge  ci)rrcspouding 
to  the  obstructions ;  and  thus  die  dibcharge  from  the  re- 
aervoir,  or  the  supply  to  the  main,  must  be  augmented  by 
HI)4^  >n  of  Uie  branch,  if  the  fordu^^  head  uf  wat«  re- 

Pbij  1  xiiiie.  A  greater  |Kirtion  Uicrd'urc  oi'  the  forc- 
L  JBS  bead  was  employed  in  producing  a  greater  dificiuvg^ 
^B  the  entry  of  t[ie  main,  and  the  remainder,  less  tlian  x, 
^Jnxiuced  tJic  pressure  on  ihc  sides.  This  hcatl  was  Ujc 
jg»c  competent  to  tlie  obiilruciion*  rt*i*uUing  from  the  velo- 
beyond  like  iuftertion  of  the  bnuMb } 
imini^K^I  by  ihc  disdt  • 
tiik.-  entry,  and  cv4^  ... 


sae 
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branch.  This  wiU  appear  more  ifisdocdj  bj  poUiof  tk 
case  into  the  form  of  an  equation.  Therefore  let  II  — r 
be  the  height  due  to  the  velocitj  al  the  efitryt  of  which  thi 
efl'ect  obtaina  only  horizontally.  The  head  x  is  the  aBly 
one  which  acts  on  the  sides  of  the  tube^  tcoding  to  produce 
the  diacfa&rge  by  the  branchy  at  the  same  time  that  it  miat 
overcome  the  obstructions  beyond  the  braocb.  If  the  <Kk 
fice  did  not  exist,  and  if  the  force  produdag  tho  velod^ 
on  a  short  tube  be  represented  by  SG,  and  the  aectkaof 
the  m^n  by  A,  the  supply  at  tlie  entry  oi'  the  naio  wodU 
be  A  v'^G  VH — x;  and  if  the  orifice  had  no  infloaatt 
on  the  value  of  j,  the  discharge  by  the  orifice  would  be  D 


/a 


D  being  its  discharge  by  means  of  the  head  11, 


when  the  cud  of  the  main  is  sliut ;  for  the  discharges  arr  in 
the  subduplicaie  ratio  of  the  heads  of  water  by  whkh  thej 

axe  ezpelied;  and  therefore  ^H:  Jx=D:D     /^ 

(=c  >).  But  we  have  seen  that  x  roust  diminiah  ;  and  ve 
know  that  the  obstructions  are  nearly  as  the  square  nohof 
the  vciocilies,  when  these  do  not  differ  much  among  IbcBW- 
selves.  Therefore  calling  y  the  pressure  or  head  whad 
balances  the  resistances  of  the  main  without  a  braiMrh,  wbde 
X  is  the  head  necessary  for  the  main  with  a  branch,  wv 

may  institute  this  proportion  y :  H  —  y  =  * : *-; 

and  this  fourth  term  will  express  the  head  produdng  tbc 
velocity  in  the  main  beyond  the  branch  (ils  H  — »/  would 
have  done  in  a  main  wlUioui  a  branch).     This  vclodiy  bis 

yond  the  branch  will  be  VfG    /^IH~^^  and  the  db- 

charge  at  the  end  will  be  A  VgG    Z*^^  ^K      fft? 

tiiis  we  add  tlic  discharge  of  the  branch,  the  sum  will  fae 
lJ»c  whole  discliarge,  and  therefore  tlie  wIkiIi  V    'V'  jb- 

ion  wc  have  the  following  ctjuatioo,  A  v t^v^    ■  .i.       ■/  ^ 


'•'-"— ^'— 
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/■^(H— y)  ^  D    /^,   From  diis  wc  dLnlucc 

2GHA' 

.  value  of.  =  ^^,^yir^^_Dy^^^^. 

Us  value  of^  being  substituted  in  tlie  equation  of  the 

ischarge  3  of  the  branchy  wliich  was 

give  the  discharges  required,  and  they  will  differ  so  much 
ihc  more  irom  the  discharges  calculated  according  to  the 
simple  theory,  as  tlie  velocity  in  the  main  is  greater.  By 
the  simple  theory,  we  mean  the  supposition  that  the  lateral 
disdiarges  arc  such  as  would  be  produced  by  the  head 
H — hy  where  11  in  the  height  of  the  reservoir,  and  h  the 
head  due  to  the  actual  velocity  in  the  main. 

And  thus  it  appears  tliat  die  proportion  of  the  discharge 
by  a  Lateral  pipe  from  a  main  that  is  &hut  at  the  far  end^ 
and  the  discharge  from  a  main  that  is  open,  depends  not 
only  on  the  pressures,  but  also  on  the  size  of  the  lateral 
{ripe,  and  its  distance  from  the  reservoir.  When  it  is  large, 
it  greatly  alters  tlic  train  of  the  mmn,  under  the-  same 
head,  by  altering  the  discharge  at  its  extremity,  and  the 
velocity  in  it  beyond  the  branch ;  and  if  it  be  near  the  ro- 
'oir,  it  gready  alters  the  train,  because  the  diminislied 
ty  takes  place  tlirougli  a  greater  extent,  and  there  is 
a  greater  diminution  of  the  resistances. 

When  the  branch  is  taken  off  at  a  considerable  distance 
from  the  reservoir,  the  problem  becomes  more  complicated, 
and  tile  head  j^  is  resolved  into  two  parts;  one  of  which 
balances  the  resistance  in  the  Hrst  part  of  the  main,  and 
ihu'  other  Imlnnces  the  resistances  beyond  the  lateral  J)ipe, 
with  a  velocity  diminiiihed  by  the  disclmrge  from  the 
branch. — A  brancli  at  tJie  end  of  the  main  produces  very 
Jittlc  diaugc  in  the  train  of  the  pipe. 
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When  the  lateral  cBacfavge  is  fftm^  the 
ao  altered,  that  die  ntnainingpart  of  the  mum  will  not « 
fuU,  axid  then  the  bnndi  will  noc  yidd  the  amie  qnandnL 
The  ^^ioatf  in  a  very  long  hanaantal  tube  maj  be  • 
^BoU  (br  a  soalL  head  of  mter  and  great  ofastnicciaBs  m 
a  TCTT  long  cube)  that  it  will  just  run  fiilL  An  onaor 
nude  in  its  upper  ade  will  yiddnacfaing;  and  jet  a  and 
tube  inserted  into  it  will  canj  a  mlumn  dmoot  as  fa^  m 
the  itMiiuir.  So  diat  we  cumoC  judge  in  all  cases  «*fk 
|Mfiifii  by  the  ^achaigia,  and  vior  rerao, 

If  tben  be  an  indined  tube,  having  a  head  greater  ikm 
what  is  caatpeEoiC  lo  ihe  vdodty,  wa  may  biiag  %.  ias 
txun,  by  an  "p'^^g  on  its  upper  side  near  the 
Th»  wfll  yield  «aie  water,  and  the  Tclodty  will 
in  the  tube  all  it  is  in  train.  If  we  ihoukl 
the  hole,  it  will  yield  no  more  water  than  beCore. 

Atti  thus  we  have  pointed  out  the  diief  ca 
«fa^a&ct  these  laioal  disdiarges.  The 
afterwards  modided  by  the  conduits  in  which  ther  sr  cm- 
veyed  to  their  places  of  destinatioa.  These  being  c^oacai- 
\j  of  stnali  dimenaoDS^  for  the  sake  of  economT.  tbe  fcia- 
dty  is  mudk  dinuiiuhed.  But,  at  the  same  time,  it  apptuadb- 
cs  nearer  to  that  whidi  the  same  conduit  would  faring  A- 
rectly  tiom  tbe  reservoir,  herangp  its  small  velocity  will  pm- 
duce  a  less  change  in  the  train  of  the  main  cooduit- 

We  shall  now  treat  of  jets  of  water,  whidi  snU  make  m 
omainent  in  tbe  magnificent  pleasure  groimds  of  the  wml- 
thy.  Sonic  of  'Jbese  are  indeed  grand  atjects,  sudi  as  tbe 
two  at  Peterhoff  in  Russia,  which  spout  about  fill  6ct  hii^ 
a  column  of  nine  inches  diameter,  which  fiJk  agmn,  ttd 
shakes  the  ground  with  its  blow.  Even  a  spout  of  mimdi 
or  two  inches  diameter,  iandng  to  the  height  of  IM  fti^ 
is  a  gay  object,  and  greatly  enlivens  a 
podaily  when  the  clianges  of  a  gentfe 
to  one  bide.     But  wc  have  no  room  left  inr 
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subject,  whidi  U  ok'  (K>nlc  niixty  ;  and  must  conclude  this 
article  with  a  very  iJiort  account  of  the  mauagvuivnt  of  wa- 
ter as  an  active  power  for  impeliing  machinery* 


II.     OfMach}7\ery  driven  by  Water. 

Tims  is  a  very  comprehensive  article,  including  almoei 
ev^y  pussible  species  of  mUl.  It  is  no  less  im{)ortant,  and 
ft  ifl  therefore  matter  of  regret  tiiat  we  cannot  enter  into 
the  detail  which  it  deserves.  The  mere  description  of  the 
immense  variety  of  mills  which  are  in  general  use  would 
fill  volumes,  and  a  scieulific  description  of  their  principles 
and  maxims  of  construction  would  almost  form  a  complete 
body  of  mechanical  science.  But  this  is  far  beyond  the  li- 
mits of  a  work  like  ours.  Many  of  these  macliincs  have 
been  already  described  under  their  proper  names,  or  uo- 
der  the  articles  wliich  give  an  account  of  tJieir  manufac- 
tures ;  and  for  oiliers  we  must  refer  our  readers  to  the  orU 
ginol  works,  where  they  are  de«cribcd  in  minute  detail. 
The  great  academical  collection  Des  Arts  ei  Metiers^  pub- 
lishcd  at  Paris  In  many  folio  volumes,  contains  a  descrip 
tion  of  liie  peculiar  machinery  of  many  mills  ;  and  the  vo- 
lumes of  the  KixcychpSdlc  Mit/uHliqtic,  which  |>articularly 
relate  to  die  mechanic  arts,  already  oonlain  many  more. 
All  tiiat  we  can  do  in  lliia  place  is,  to  consider  the  cliief 
circimisianocs  that  are  eoniniou  to  all  water-mills,  and  fvom 
which  all  must  derive  their  efficacy.  These  circumstances 
are  tu  be  found  in  die  manner  of  employing  water  as  on 
actlpg  power,  and  most  of  them  are  comprehended  in  the 
COmttniction  of  wuter-wlicels.  When  wc  have  explained 
the  pr'mdples  and  the  maxims  of  oonstruction  of  a  water- 
bed,  every  reader  conversant  in  mechanics  knows,  that 
le  axis  of  tliis  wheel  may  be  r"^''*'''  '^  *•  transmit  the 
r*e  jiDprcssicd  on  it  to  any  s^-t:  ry-    Tlusnv 

nothiiig  subftCijucnl  to  tliia  can  witli  |  oo- 

as  iffuUT'^work^ 


IS 

iiMeniafaie  StfineiflK. 

made  3o«nlieiie  vhoir  ii  i 
dutltm^  have  pceviooi^  aBpnted  « 
thus  die  vbccis  jr  «i  m  be 

QTOttraiaC  Whedr. 

lum'mmMiuaqbat  a, 
noMi  die  ran  of  a  wfaed 
Ibom  a  fpoat :  »  tfuc  oae  sde  of  the 
wacer,  while  die  ocker  ia  cnptr.     Tbe 
!«,  Omc  die  kMded  ^e  suitf  deansL     %  thH 
the  water  niaa  out  of  die  lower  faiickrti»  wUe  dm 
haekeu  of  die  ring  side  of  die  wiwei 
ftpMit  m  their  torn,  and  are  fiDed  vidi  ws 

f  f  it  were  pcMsibfe  to  coostract  die  hnHfrts  ia  flack  a 
manner  m  to  remain  complctel j  filled  widi  w«ser  dll  iky 
enme  to  the  rery  bottom  of  tbe  wlieei,  the  ptiuame  wick 
which  the  water  urges  tbe  wheel  round  its  axis  waa]d  he 
the  name  m  if  the  extremity  of  the  horiaontal  ndius  war 
ccmtinuallj  loaded  with  a  quantity  of  water  siiflinwit  to  ffl 
a  W|uare  pipe,  whose  section  Ls  equal  to  that  of  tbe  bu^ety 
and  wU^se  length  is  the  diameter  c^  tbe  wbeeL  For  iet 
the  IjiickcU  BD  and  £F  (Fig.  5.)  be  compared  togedicr, 
die  arch(»  J)B  and  £F  are  equaL  Tbe  mechanical  caff- 
gy  fif  th(f  wat4,T  contained  in  tbe  bucket  £F,  or  the  pamen 
with  which  its  wdght  urges  the  wbed,  is  tbe  aameaaifjl 
thin  water  were  hung  on  that  point  T  of  tbe 
CV,  where  it  is  cut  by  the  vertical  or  plinnbJi 
is  plain  from  the  must  elementary  par 

7 


^ 


ui; 


Thercforc  the  effect  ot'  the  bucket  BD  is  to  that  of  the 
bucket  EF  at  CT  to  CF  or  CB-     Draw  the  horizontal 
lines  PB  b  by  QD  d  d.     It  ia  plain,  that  if  BD  is  taken  very 
II,  so  that  it  may  be  considered  as  a  straight  line,  DD : 
=  CB  :  BP,  and  EF  :  &d=  CF:  CT,  and  EF  x  CT 
bdx  CF.     Therefore  if  the  prism  of  water,  whose  ver- 
]  section  is  bbdd^  were  hung  on  at  F,  its  force  to  ui^ 
e  wheel  round  would  be  the  same  as  that  of  the  water 
yin*;  in  tlie  bucket  BD.     The  same  may  be  said  of  every 
uckel ;  and  the  effective  pressure  of  the  whole  ring  uf  wa- 
AyHEIFI,  in  its  natural  situation,  is  the  same  with  the 
iUar  of  water  ahha  bung  on  at  F.     And  the  effect  of 
any  portion  B  F  of  this  ring  is  the  same  with  Uiat  of  the  cor- 
responding portion  b  Tfb  of  the  vertical  pillar.   We  do  not 
e  into  account  the  small  difference  which  arises  fi:oni  the 
epth  B  or  F^  because  we  may  suppose  the  circle  describ- 
through  tlie  centres  of  gravity  of  the  buckets.     And  in 
e  farther  prosecution  of  this  subject,  we  sliall  take  simi- 
lar liberties,  with  the  view  of  simplifying  the  subject,  and 
saving  time  to  the  reader. 

But  such  a  state  of  the  wlieel  is  impossible.  Tl)e  buck- 
et at  tJie  yQty  top  of  the  wheel  may  be  completely  filled 
with  water;  but  when  it  comes  into  tlie  oblique  position 
D,  a  part  of  the  water  must  run  over  the  outer  edge  ), 
d  the  bucket  will  only  retain  the  quantity  ZBD3;  and 
if  the  buckets  are  farmed  by  partitions  directed  to  the  axis 
of  the  wheel,  the  whole  water  must  be  run  out  by  tlie  time 
at  they  descend  to  the  level  of  the  axis.  To  prevent 
is  many  contrivances  have  been  adojited.  The  wheel 
has  been  surrounded  with  a  hoop  or  sweep,  consisting  of  a 
circular  board,  which  comes  almost  into  contact  with  the 
rim  of  tlie  wheel,  and  tenuiiiates  at  H,  where  tlie  water  is 
lUtowed  to  run  ofi'.  But  unless  the  work  is  executed  with 
on  accural^,  tlie  wheel  made  exactly  round,  and 
'Iv  titling  it,  a  great  quantity  of  water 
ion ;  and  there  is  u  very  sensible  ob- 
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struclinn  trt  the  tYi(t(^6n  of  «ucIj  a  wlicd,  from 
like  friction  Ixtween  tlie  water  and  the  sweeL  I^uatabo 
dFectually  stops  the  motion  of  such  a  wheel.  Swecfw  hsre 
therefore  been  generally  laid  aside,  nlthough  there  art  n- 
tuations  where  they  might  be  used  with  good  effect 

MiU-wrights  have  turned  their  wliole  attentiofi  to  tlv 
giving  a  form  to  the  bucketft  which  shall  enable  then  to 
retain  the  water  along  a  great  portion  of  the  circumfimee 
of  the  wheel.  It  would  be  endless  to  describe  all  thewccNu 
triranccs ;  and  we  shall  therefore  coateat  ourselres  with 
one  or  two  of  the  most  approved.  The  intelligent  reader 
will  readily  see  tliat  many  of  the  circumstances  which  con- 
cur in  producing  the  ultimate  etfecL  (such  afi  the  fartitty 
witli  which  the  water  is  received  into  the  backets^  ike  pbcg 
which  it  is  to  occupy  during  the  progress  of  tlic  bucket 
from  the  top  to  the  Irattom  of  the  wheel,  the  I'cadiness  with 
wliich  thev  are  evacuated,  or  tht?  chance  that  the  water  bax 
of  being  dragged  beyond  the  bottom  of  the  wheel  by  iu 
adhesion,  &c.  &c.)  arc  such  as  do  not  admit  of  preciw  cal- 
culation or  reasoning  about  their  merits ;  and  that  tfaia  or 
that  form  can  seldom  be  evidently  demonstrated  to  be  t])e 
very  best  possible.  But,  at  the  same  timcy  he  will  see  tlw 
general  reasons  of  preference,  and  his  attention  will  be  di- 
rected to  circumstances  which  must  be  attended  to,  io  or- 
der to  have  a  good  bucketed  wheel. 

Fig.  6.  is  the  outline  of  a  wheel  having  40  buckets.  The 
ring  of  board  contained  l^etwccn  the  concentric  circles  QDS 
and  PAR,  making  the  ends  of  the  buckets,  is  erikd  the 
SBKOUDiNc,  in  the  language  of  the  art,  and  QP  is  odled 
the  (kpth  nf  $lvroft4ing.  The  inner  circle  PAR  is  called 
the  soLK  of  the  wheel,  and  usually  consists  of  boards 
ed  to  strong  wooden  rings  t^  •oompasa  timber  of  oonAi 
able  scantling,  firmly  united  with  the  arms  or  radii.  Tbc 
partitions  which  determine  the  form  of  the  l^wkets  consi* 
of  ihrL»e  diffVrent  planes  or  boards  AB,  BC,  CD,  i\-hich  arc 
vnrio\i<.|y  nnmed  by  different  tirtibti*.  We  hi»ve  bftird  ihoni 
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named  ihc   Stakt  or  SnotriDFRS,   the  Aim,  and  ihe 

Weest  (probably  for  wrist,  on  account  of*  a  resemblance 
of  the  whole  line  to  the  human  arm)  ;  B  in  also  called  the 
Elbow.  Fig.  7-  represents  a  small  portion  of  the  same 
bucketing  on  a  larger  scale,  that  Uie  proportions  of  the 
parts  may  Ue  more  distinctly  seen.  AG,  the  sole  of  one 
bucket,  is  made  about  J  more  than  llic  depth  GH  of  the 
shroiuling.  The  stait  AB  is  4  of  AI.  The  plane  BC  is 
»o  inclined  lo  AB  that  it  would  pass  through  H  ;  but  it  is 
made  to  terminate  in  C,  in  Buch  a  manner  that  FC  is  §ths 
of  GH  or  AL  Then  CD  is  bo  placed  that  HD  is  about 
JthoflH. 

By  this  construction,  it  follows  that  the  ar6a  FABC  is 
very  nearly  equal  to  DABC  ;  so  tliat  the  water  which  will 
fill  tile  sj>ace  FABC  will  all  be  contained  in  the  bncket 
when  it  shall  come  into  such  a  position  tliat  AD  is  a  hori- 
zontal line;  and  the  line  AB  will  then  make  an  angfe  of 
nearly  35°  with  the  vertical,  or  the  Inickct  will  be  35"  from 
the  perpendicular.  If  the  bucket  descend  so  mudi  lower 
that  one  half  of  the  water  runs  out,  the  line  AB  will  make 
an  angle  of  250**,  or  24*  nearly,  with  tJic  vertical.  There- 
fore the  wheel,  filled  to  the  degree  now  mentioned,  will 
begin  to  lose  water  at  about  )lh  of  the  diameter  from  the 
bottom,  and  halfqfiJie  toaier  wUl  be  discharged  from  the 
lowest  bucket,  aliout  ^th  of  the  diameter  farther  down. 
These  situations  of  the  discharging  bucket  arc  marked  at 
T  and  V  in  Fig,  6.  Had  a  greater  proportion  trf'  the  buc- 
kets l>een  filled  with  water  when  they  were  under  the  Bpont, 
the  discharge  would  have  begun  at  a  greater  height  from 
the  bottom,  and  we  slioutd  lose  a  greater  ]X)rtion  of  the 
wlioJe  fall  of  water.  The  loss  by  the  present  construction  is 
less  than  Vath  (supposing  the  water  to  be  delivered  into  the 
wheel  at  the  very  top),  and  may  be  -cetimated  at  about 
T*ith  ;  for  the  loss  is  the  versed  sine  of  the  angle  which 
the  radius  of  the  bucket  makes  widi  the  vcrticle.  The 
versed    ^ne  of  55"  is  nearly   ^th   of  the  radiuR  (l»eing 
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0,18085),  or  Mh  of  the  diameter.     It  is  cridcDt, 
only  i  of  this  wa^er  were  supplied  to  each  bucket  as  il 
the  spoutf  it  would  have  been  retained  for  10*^  toamjii 
revolution,  and  the  loss  of  fall  would  liave  been  onJjr 
Mh. 

These  observations  serve  to  show,  in  genera],  thai  ao> 
vantage  is  gwned  by  liaving  the  buckets  ao  capf  iom  CbaC 
the  quantity  of  water  which  each  can  receive  as  it  pmes 
the  spout  may  not  nearly  fill  it.  This  may  be  aooomplilb- 
ed  by  making  them  of  u  sufficient  length*  that  is,  by  nak- 
tng  the  wheel  sufficiently  broad  between  the  two  stsroiA 
ings.  Economy  la  the  only  objection  to  this  practice,  and 
it  is  generally  very  ill  placed.  When  the  work  to  be  per- 
formed by  the  wheel  is  great,  Uie  addition  of  po««r gained 
by  a  greater  breadth  will  soon  compensate  for  the  additioml 
expense. 

The  third  plane  CD  b  not  very  frequent ;  and  milU 
Wrights  generally  content  themselves  with  oontiDuing  tJw 
board  all  the  way  from  the  elbow  B  to  the  outer  edge  of 
the  wheel  at  H  ;  and  AU  is  generally  no  more  than  ^of 
the  depth  AI.  But  CD  is  a  very  evident  improvemettt. 
causing  the  wheel  to  retain  a  very  sensible  addition  to  ibe 
water.  Some  indeed  make  this  addition  more  considenble^ 
by  bringing  BC  more  outward,  so  as  to  meet  the  rim  of 
the  wheel  at  H,  for  instance,  and  making  HD  coinciik 
witli  the  rim.  But  tins  makes  the  entry  of  the  water  *aine- 
what  more  difficult  during  the  very  sliort  time  tlial  the 
opening  of  the  bucket  passes  the  spout.  To  facilitate  this 
as  much  as  possible,  tlie  water  should  get  a  direction  (roai 
the  flpout,  such  as  will  send  it  into  tlie  buckets  in  the  iDO«t 
perfect  manner.  This  may  be  obtained  by  delivering  ikc 
water  through  an  aperture  that  is  divided  by  thin  plates  of 
board  or  metal,  placed  in  the  proper  position,  as  we  h*VG 
represented  in  Fig.  6.  The  form  of  bucket  last  mentioned, 
having  the  wrest  concentric  with  the  rim,  is  unlavourablo 
to  the  ready  admission  of  the  water ;  whereas  aii  obCqw 
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conduces  ihe  water  which  has  missed  one  bucket  into 
tnnct  below. 

ihe  mechanical  conddcration  of  this  subject  also  shows 
filhai  tt  Aetp  shrouding,  in  order  to  make  a  capacious 
is  not  a  good  method  :  it  does  not  xtiakt  the  hue- 
retain  their  water  any  longer ;  and  it  dimbushes  the 
re  fall  of  water :  for  the  water  retseived  at  the  top  of 
heel  immediatelj  falU  to  the  bottom  of  the  bucket, 
thus  shortens  the  fictitious  pillar  of  water,  which  wc 
red  to  be  the  measure  ol'  tlic  efTcctivc  or  uncful  pressure 
wlieel :  and  this  concurs  with  our  fonner  reasons  for 
»mm  ending  as  great  a  breadth  of  the  wheel,  and  length 
Lickcts,  as  cctmomicrtl  connidcralions  will  permit, 
bucket-wheel  has  been  executed  lately  by  Mr  Robert 
IS,   at  the  cottoQ-raills  of  Houston,  Bums,  and  Co.  at 
dde  in  Uenfrcwshire^  of  a  construction  entirely  ncWj 
founded  on  a  good  pxindpley  which  is  susceptible  of 
ittUeosion:     It  is  represented  in  Fig.  9l    The  bucket 
cist9  of  a  start  AD,  an  arm  BC,  and  a  wrest  CD,  con* 
ttric  with  the  rim.     But  the  bucket  is  also  divided  by  a 
fition  LM,  concentric  with  the  sole  and  rim,  and  so 
>d  as  to  make  the  inner  and  outer  portions  of  nearly 
i]  capadty.     It  lii  evident,  without  any  farther  reason- 
about  it,  that  this  partition  will  enable  the  bucket  to 
its  water  much  longer.     When  they  are  filled  ^df 
retain  the  whole  water  at  18°  from  the  bottom  ;  and 
retain  i  at  1 1".     They  do  not  admit  the  water  quite 
*et*ly  as  buckets  of  the  common  construction ;  but  by 
of  the  contrivance  mentioned  a  little  ago  for  the 
II  (also  the  invention  of  Mr  Bums^  and  funiished  with 
:k-worky  whicli  raised  or  depressed  it  as  the  supply  of 
varied,  so  as  at  all  times  to  employ  the  whole  foil  of 
it   is  found  tlmt  a  slow-moving  wht^l  allows 
tbo  water  to  gel  into  the  inner  buckets,  espe- 
Litton  do  not  altogether  reach  the  radius 
ktigh  tlie  lip  D  of  the  outer  bucket. 
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T}iia  is  a  very  great  improvement  of  the  bucket-i 
hen  the  wheel  is  made  of  a  liberal  breMfah,  i 

le  water  may  be  very  shaLiow  in  the  bucketa,  it  Mean  to 
ry  the  performance  as  far  as  it  can  go.  Mr  Burxu  nude 
the  first  trial  oil  a  wheel  of  24  feet  diameter ;  and  tH  per- 
formance is  manifestly  superior  to  that  of  the  wheel  whid^ 
it  replaced,  and  wliich  was  a  very  good  one.  Il  hai  db 
another  valuable  property  :  when  the  supply  of  waC«rit 
very  scanty,  a  proper  adjustment  of  il\e  apparatus  in  tlif 
spout  will  direct  almost  the  whole  of  the  water  into  ihe 
outer  buckets  ;  which,  by  placing  il  at  a  grcuoer  dittam 
from  the  axis,  makes  a  very  sensible  addition  to  its  nocfaa- 
nicol  energy. 

Wc  said  that  this  principle  is  susceptible  ofoonaderabie 
extension  ;  and  it  is  evident  Uiat  two  partitions  wilt 
the  effect,  and  that  it  will  increa^'  with  the  number  of 
titions ;  so  that  when  the  practice  now  begun,  of 
water-wheets  of  iron,  shall  become  general,  and  ihtrAn 
very  thin  partitions  are  used,  tlieir  number  may  be  greaslj 
increased  without  any  inconvenience  :  and  il  is  obvious,  that 
this  series  of  partitions  must  greatly  contribute  to  the  stil^ 
ness  and  general  (irmness  of  the  whole  wheel. 

There  frequently  occurs  a  dlHiculty  in  tikc  iiis«,mjaf 
bucket-wheels,  when  the  half-taught  miU-wright  aitcflipU 
to  retain  the  water  a  long  time  in  the  buckets,  Ttie  water 
gets  into  them  with  a  difRculty  which  he  cannot  accouat 
for,  and  spills  all  about,  even  when  the  buckets  arr  ma 
mo\'ing  away  from  the  spout.  This  arises  from  the  air, 
which  must  find  its  way  out  to  admit  the  water,  but  is 
obstructed  by  the  entering  water,  and  occasions  a  gnal 
sputtering  at  tlic  entry.  This  may  be  entirely  pievcimd 
by  making  the  spout  considerably  narrower  dian  the  wfaittL 
This  will  leave  room  at  the  two  ends  of  the  buckvU  for  ibe 
escape  of  die  air.  This  obstruction  is  vasUy  greater  ihaa 
one  would  imagine ;  for  the  water  drags  aloog  witb  il  a 
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great  quantity  of  air,  as  is  evident  in  the  Wnier-blasi  de- 
9cnbed  by  many  authors. 

There  is  another  and  very  serious  obstruction  to  the  mo- 
txm  of  an  overshot  or  bucketed  wheel.  When  it  moves  in 
back-water,  it  is  not  only  resisted  by  the  water  when  it 
moves  more  slowly  than  the  wheel,  which  is  very  frequently 
the  case«  but  it  lifts  a  great  deal  in  the  rising  buckets.  In 
Bcyme  particular  states  of  back-water,  the  descending  buc- 
ket fills  itself  completely  with  water ;  and,  in  other  case% 
it  contains  a  very  considerable  quantity,  and  air  of  com- 
mon density ;  while  in  some  rarer  cases  it  oontains  less  wa- 
ter, with  ur  in  a  condensed  state.  In  the  first  case,  the 
rising  bucket  must  come  up  filled  with  water,  whidi  it  can- 
not drop  Ull  its  mouth  get  out  of  the  water.  In  the  se^ 
cond  case,  part  of  the  water  goes  out  before  this ;  but  the 
air  rarefies,  and  therefore  there  is  still  some  water  dragged 
or  lifted  up  by  the  wheel,  by  suction,  as  it  is  usually  called. 
In  the  last  case  there  is  no  such  back  load  on  the  rising 

e  of  the  wheel,  but  (which  is  as  detrimental  to  its  per- 
ance)  the  descending  side  is  employed  in  condensing 
air  ;  and  although  this  air  aids  the  ascent  of  the  rising  side, 
it  does  not  aid  it  so  much  as  it  impedes  tlic  descending  side, 
being  (by  the  form  of  the  bucket)  nearer  to  the  vertical  line 
drawn  through  the  axis. 

Ait  this  may  be  completely  prevented  by  a  few  holes 
made  in  the  start  of  each  bucket.  Air  being  at  least  800 
limes  rarer  tlian  water,  will  escape  through  a  hole  almost 
30  times  faster  with  the  same  pressure.  Very  moderate 
holes  will  therefore  suffice  for  this  purpose :  and  the  small 
quantity  of  water  which  these  holes  discharge  during  the 
ckacent  of  the  bucketsv  produces  a  loss  which  is  altogether 
kDB^ificant.  The  water  whicli  runs  out  of  one  runs  into 
anoiher,  m  that  tlicre  is  only  the  loss  of  one  bucket.  We 
have  seen  a  wheel  ol'  only  1 4  feel  diameter  work  I  '  .  i\r- 
Jv  tliree  feet  of  back-water.    .iyafaoiLred  pi 
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brought  up  a  great  load  of  wdttar,  which  f • '  :  a 

abrupt  dashes,  which  rcntlcred  the  molion  very  iwutuof, 
Whoix  three  liolcs  of  mi  inch  diameter  were  made  ia  tBch 
bucket  (IS  feet  bng),  the  wheel  Ultoured  no  akocc,  U0» 
was  DO  more  plunging  of  water  from  it«  riuii^  ^  ift 

power  on  the  inachincry  was  Incrcaaod  mure  ti;»»  i^.*. 

These  practical  ubHervatious  may  oontttin  infotiBMitf 
tliat  IS  Eiew  even  to  several  experienced  EmlUwri^lA  Tl 
persons  less  informed  they  cannot  fail  of  being  inefuL  Wi 
now  pruccHxl  to  conHldt^r  the  action  of  water  tlnis  lying  tl 
the  buckets  of  a  wheel ;  and  to  ascertaili  its  vtyergy  a^M 
way  be  modified  by  different  drcumstaoce.4  f>f  £dl,  «vifk 
city,  &c. 

With  respect  to  variations  in  tlie  fall,  Uiere  csn  be  ttflfti 
room  lor  discussion*  Since  the  activo  pressure  is  wuflffal 
by  the  pillar  of  water  reaching  irom  the  haropnRri  plaa 
where  it  ia  ddivercd  on  the  whecl^  to  the  horimiUl  phtf 
where  it  is  spilled  by  the  wheel,  it  is  evident  thai  itnflii 
be  proportional  to  tliis  pillar,  and  Uiereforc  wc  mutt  ^ 
liver  it  OS  high  and  retain  it  as  long  as  possible. 

This  maxim  obliges  ua,  in  the  ilr&t  place,  to  useawberi 
whose  diameter  is  equal  to  the  whole  fidL  Wc  ihatl  ndl 
gain  any  diing  by  employing  a  larger  whccrl ;  A)raltbttqgh 
we  sliould  gain  by  using  only  that  part  uf  the  citvxtntfentte 
where  the  weight  will  act  more  perpendicularly  to  th«  n- 
dttttf,  we  sliall  lo6e  more  by  the  necessity  of  dtadttrguig  die 
water  at  a  greuUr  height  frum  the  bottom  :  for  we  oma 
84ippose  the  butketii  o£  btilh  the  wheels  r<jually  wijll  tOB^ 
atructcd ;  in  whicli  case,  the  heifl;hls  above  the  batMl^ 
where  tliey  will   discharge  the  v  die 

proportion  of  the  diameter  of  i.-  w..... ».  w 

shttll  lose  more  by  this  tlian  we  gain  by  a  mo  *|W 

plication  of  the  weight,  is  plain,  whJioul  aoy  furtJicr  rea- 
soning,  by  taking  ihc 

wheel  i^nlarged  to  such  ^ ,.:...  . 

equal  to  out  >fc\\oVv:  fivH.     la  this 
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apillod  from  the  bucket^  as  soon  as  it  is  delivered  into  them. 
All  intermediate  coses,  therefore,  partake  of  the  iiti]KTrtTC- 
tkan  of  this. 

When  our  fall  is  oxecedinwlv  fjroat,  a  wheel  of  an  equnl 
diameter  becomes  enomioirsly  big  und  expensive,  and  u  of 
itself  an  unmanageable  load.  We  have  seen  whcda  of  5H 
iieel  diameter^  however,  \rhioh  worked  extremely  well ; 
iboft  they  arc  of  very  difficult  coastruction,  and  extremely 
apt  Ci>  warp  and  go  out  of  sliape  by  tlieir  weight.  In  ca-ses 
iike  thisj,  where  we  are  unwilUng  to  lose  any  fmrt  of  ihr 
I  f  a  small  stream,  the  best  form  of  a  bucket- wheel  h 

_i:  ...  Li  led  chain-pump.  Instead  of  employing  a  chain- 
punp  of  the  best  construction,  ABCDEA  (Fig.  9.)  tr> 
raise  water  through  the  upright  pipe  CB,  by  nieans  of  u 
fbroe  applied  to  the  upper  wheel  A,  let  the  water  be  d?- 
ivered  from  a  spout  F,  into  the  upj)er  part  of  the  pijK?  BC, 

\  it  will  press  down  the  plugs  in  the  lower  and  nnrrowcr 
h1  part  of  it  with  the  full  weight  of  the  columrt,  and 
escape  at  the  dead  level  of  C.  This  weight  will  urge  round 
tbe  wheel  A  without  any  defalcation  :  and  this  is  the  most 
Miverfu]  maimer  that  any  fall  of  water  whatever  can  Ik*  ap- 
|>liod,  and  exceeds  the  most  perfect  overshot  wheeL  But 
though  it  excels  all  chniuK  of  buckets  in  economy  and  in 
effect,  it  has  all  the  other  imperfections  of  this  kind  of  ra»> 
ehincry.  Though  the  dnun  of^  l>Iugi  he  of  great  strength, 
it  has  9o  much  motion  in  its  joints  that  it  needs  fre<]uetit 
repairs ;  and  when  it  breaks,  it  is  generally  in  the  neigh- 
bourbood  of  A,  on  tlie  loaded  side,  and  all  comes  down 
irith  a  great  crash.     There  ia  oIho  a  Iom  of  ^ 

innlcraioti  of  so  many  plugs  and  cltoin*.  in  tii 
tbecv  can  be  no  doubt  but  that  if  the  plugs  were  hi^r 
esHiugh  a:ui  light  enough,  they  would  buny  wu!  ^vcn  dmw 
, —  •»- '  plugs  in  the  narrow  pan 
jni^h,  in  nil  othwaskv 
i  preiL- 
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great  nicety ;  and  autliors,  both  spcculatiTe  and 
have  entertained  different,  najr  oppoeile,  c^msiiids  on  At 
subject  Mr  Belidor,  whom  the  engineers  of  Europe  hm 
long  been  accustomed  to  regard  as  sacred  authontj.  ■■b- 
tains,  that  iltere  is  a  certain  velocity  related  to  ibtc  ck 
tenable  by  the  whole  fall,  which  will  procure  tn  an  o«v- 
shot  wheel  the  greatest  performance.  DesBgiaSen)  Sofli- 
ton,  Lambert,  Des  Porcieux,  and  others,  maiBtaB,  datt 
there  is  no  &uch  retation,  and  that  the  pcribmHUKC  of  m 
overshot  wheel  will  \ye  tlie  grcatt-r,  as  it  nkovet  mnrrilovlj 
by  an  increase  of  its  load  of  work.  Bdkior  nuislaa^ 
tlmt  the  active  power  of  water  lying  in  a  bddcet-viMl  d" 
any  diameter  is  equal  to  that  of  the  impulse  of  tbo 
water  on  the  floats  of  an  undershot  wheel,  when  (be 
issues  from  a  sluice  in  the  bottom  of  the  datiL  The  olfair 
writers  whom  we  have  named  assert,  that  the  eacrj^ofa 
undershot  wheel  ia  but  one-half  of  that  of  an  oreraboC,  » 
luated  by  the  same  quantity  of  water  fidling  frain  the  mm 
height. 

To  a  manufacturing  country  like  ourft»  which  dirim 
astonishing  superiority,  by  which  it  more  than  cooiptJMtiw 
for  the  impediments  of  heavy  taxes  and  luxurimis  liviif 
chiefly  from  its  machinery /in  which  it  leaves  all  Curopeiiv 
behind,  the  decision  of  this  question,  in  such  a  manBff  ai 
shall  leave  no  doubt  or  misconception  in  the  mind  rvca  tt 
an  unlettered  artist,  must  be  considered  as  a  malcnal  ftf^ 
vice ;  and  we  think  that  this  is  easily  attainable. 

When  any  machine  moves  uniformly^  the  aoocj 
force  or  pressure  actually  exerted  on  the  impellcd 
the  machine  is  in  equilibrio  with  idl  tltc  reaatanoea 
are  exerted  at  the  working  point  with  thoae  ari«ng  (roai- 
friction,  and  those  that  are  excited  in  different  pan»  of  ifcej 
machine  by  their  mutual  action^;.  This  is  an  io.*nnr.-*««W*i 
truth  ;  and,  (hough  little  attended  to  by  the  i 
is  the  foundation  of  all  practical  knowl<si 
Therefore)  when  an  ovenbot  whed  mwa  uii 
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Cf^  velociiy  wkalcver^  the  water  is  acting  with  its  whole 
It :  for  gravity  would  accelerate  its  deacenty  if  not 

completely  balanced  by  some  reaction  ;  and  in  this  balance 
.gravity  and  the  reacting  part  of  the  machine  exert  equal 
id  opposite  pressures,  and  thus  produce  t!ie  uniform  mo- 
of  the  machine.  We  are  thus  particular  on  this  point, 
lusc  wc  observe  mechanicians  of  the  iirst  name  employ- 
a  mode  of  reasoning  on  the  question  now  before  us 
rhich  is  specious,  and  appears  to  prove  the  conclusion 
rhich  they  draw ;  but  is  nevertheless  contrary  to  true  me- 
ical  principles.  They  assert,  that  tlie  slower  a  heavy 
ly  is  descending  (sup{xjse  in  a  scale  suspended  from  an 
lis  in  peritrochea),  the  more  docs  it  press  on  the  scale, 
id  the  more  does  it  urge  the  machine  round  ;  and  there- 
>re  the  slower  an  overshot  wheel  turns,  the  greater  is  the 
irce  with  which  the  water  urges  it  round,  and  the  more 
rork  will  be  done.  It  is  very  true  that  the  machine  is 
lore  forcibly  impelled,  and  that  more  work  is  done :  but 
lis  is  not  because  a  pound  of  water  presses  more  strongly, 
\t  because  there  is  more  water  pressing  on  the  wheel ;  for 
'ihe  spout  supplies  at  the  same  rate,  and  each  bucket  re- 
cdves  more  water  as  it  passes  by  it. 

Let  us  therefore  e3camine  tliis  question  by  tlie  Lndubit- 
lie  principles  of  mechanics. 

Let  the  overshot  wheel  A/H  (Fig.  5.)  receive  the  wa- 
from  a  spout  at  the  very  lop  of  the  wheel ;  and,  in  or- 
that  the  wheel  may  not  be  retarded  by  dragging  into 
tn  the  water  simply  laid  into  the  uppermost  bucket  at 
I,  let  it  be  received  at  B,  with  the  velocity  (directed  in  a 
!nt  to  the  wheel)  acquired  by  tlie  head  of  water  AP. 
This  velocity,  therefore,  must  be  equal  to  that  of  the  rim 
of  the  wheel.  Let  tliis  l)e  r,  or  let  the  wheel  and  the 
water  move  over  v  inches  in  a  second.  Let  the  bucketa 
be  of  such  dimeonons,  tliat  all  the  water  which  each  receives 
}ui  is  rf  lained  till  it  comes  to  the  posi- 
lorged  a(  once.     It  is  plain  that, 
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ttt^rne^.  we  may  iubsoDUE  & ccxiiinncKi 

ft>  dsiar  sua,    aod  liUfiarmlT 

B£Rfyi^     TW  ccfMnriiTf^  m,  rag  erf 

Let  tae  area  et  xi  cxoaa  aKbom  *  B « 

We  bt7e  9^BaCj  demoiuaiud,  cktf  die 

vich  mLych  mu  water  oa  cae  ruiiiMiS  iiiw    ac  die wW 

nr^et  k  rouAd,  is  u:he  iaxae  wtth  wiuft  woaki  he  acenedlf 

the  piuar  hr  rh  pcessin^  oa  F^  or  aeci^  br  ibe  knr 

CF.      Tbe  weight  of  this  piOar  may  be  o.pnLbB*a  br 

a^br^  ocajtPS;  a&d  if  we  eail  tbe  laifiia  C£  of  db 

wheel  B,  tbe  momcmam  or  mecbazuai  cncigi  of  tfab 

weight  will  be  n|resented  by  a  x  PS  x  B. 

Now,  let  lu  suppose  that  this  wbeei  is  cmpkiyed  to  wm 
a  weight  W,  which  b  su^peoded  by  a  rape  maiBd  tamk 
the  axis  of  the  wheel.  Let  r  be  tbe  xadms  af  tbb  «k 
Then  W  x  r  U  the  momcDtam  of  the  work.  Let  tht 
weight  rise  with  the  reiodtj  u  when  the  lin  of  the  whoi 
turns  with  the  veJodtj  r,  that  is,  let  it  riae  tt  incbes  in  a 
second. 

Since  a  perfect  equilibrium  obtsuns  between  the  power 
and  the  work  nhca  the  motion  is  uniform,  we  most  hm 
W  ^  r  =  a  X  FSxB.  ButitisevidentthatB:r  =  r:u. 
Therefore  W  x  w  =  a  x  "  ^  FS- 

Nuw  the  performance  of  the  machine  is  undoubtedly 
measured  by  the  weight  and  the  height  to  which  it  is 
raiacd  in  a  second,  or  by  W  x  u.  Therefore  the  machine  b 
in  iu  best  possible  state  when  a  x  v  x  PS  is  a  maximmn. 
But  it  is  plain  that  a  x  v  is  an  invariable  quantity;  for  it 
is  the  cubic  inches  <^  water  which  the  spoat  supplies  in  a 
M:ci/nd,  If  the  wheel  moves  fast,  httle  water  lies  in  each 
bucket,  and  a  is  small.  When  v  is  small,  a  is  great,  far 
the  (jppoHite  rea.s(>n  ;  but  a  x  v  remains  the  siune.  Then* 
fore  we  must  make  PS  a  maximum,  that  is,  we  mHt  da* 
liver  the  water  as  higli  up  as  possible.  But  4hifli 
AP,  and  this  dhninifehcs  tlie  velocity  of  the 
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ihiB  lias  no  limit,  the  proposition  is  ileinon6tratc(] ;  and  An 
,  Oiwnhoi  wheel  does  the  more  work  as  it  moves  »loweiit. 
Coovindsg  as  this  diitcussinn  must  be  to  any  mcchnni- 
cian,  we  are  finxioiift  to  impr.      ''      <=;ame  maxim  on  the 
nuods  of  practical   men,   un  vd  to  niittlii'mAtic^d 

maoning  of  any  kind-  Wv  tlicrefure  beg  indulgence  for 
adding  a  popular  view  of  the  question,  which  requires  no 
such  investigation. 

We  may  reason  in  this  way  :  Suppose  a  wheel  having  90 
buckets,  and  that  six  cubic  feet  of  water  ore  delivered  in  a 
MBcoud  ou  tile  top  of  the  wheel,  and  discliarge<!  without 
Polly  lofts  by  the  way  at  a  certain  height  fruin  the  l>ottom 
of  tlie  wheel.  Let  this  t>e  the  cose,  whatever  ifl  the  mtc 
of  the  wheel's  motion  ;  the  buckets  being  of  a  sufficient  ca- 
pacity to  hold  all  tlie  water  which  iaWs  into  ihcm.  Let 
tfaifl  wheel  be  employed  to  rai^  a  weight  of  any  kind,  sup* 
pose  water  in  a  chaiu  of  dt)  buckeu,  to  the  same  height, 
aod  with  the  same  velocity.  Suppose,  farther,  ihnl  when 
tlie  load  on  the  rising  side  of  the  machine  is  onc-balf  of  that 
en  the  wheel,  the  wheel  makes  four  times  in  a  minute,  or 
one  turn  in  15  seconds.  During  this  time  90  cubic  feet 
of  water  have  flowed  into  the  30  buckets,  nml  e.ieh  has  re- 
ceived three  cubic  feet.  Then  each  of  the  rising  buckrt.s 
coDtains  ^^  feet ;  and  4w5  cubic  feet  arc  delivered  inUi  the 
upper  dstem  during  one  turn  of  the  wheel,  and  180  cubic 
ftet  in  one  minDte. 

,  Now,  fiu()po9C  tbc  machine  so  Ifiadisd,  by  making  thm^ 
omg  buck«t«  more  ca|«aciou9,  ttiat  it  makes  cmly  twoturni 
tftABiautr.  or  one  turn    -    '-  '         I  '    r      ,ch  do- 

sfeiidiog  bucket  mu^L  oi  <-r.     If 

cacb  bucket  of  the  rising  Aide  contained  tlirte  wim  feet, 
the  motioQ  of  the  niocJitne  would  be  the  laaw  oa  betiuv. 
This  ii»  a  point  nhich  no  •!..  - 1.  ...w'. ...  u-.H  --....iro^- ru 
Wh«vi   two  poundji  are  mi*i  ng 

be  aobccnt  of  the  <wa  j  ^  out 
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of  a  four  pounds  weight,  which  is  employed  in  the 
manner  to  draw  up  two  pounds.  Our  machine  wodd 
therefore  continue  to  make  four  turns  in  the  ininuie» 
would  deliver  90  cubic  feet  during  each  turn,  and 
a  minute.  But,  by  supposition,  it  is  nfwking  but  two  turn 
in  a  minute :  this  must  proceed  from  a  greater  load  dm 
three  cubic  feet  of  water  in  each  rising  buckeL  The 
chine  must  therefore  be  raising  more  than  90  feet  at 
during  one  turn  of  the  wheel,  and  more  than  180  ia  the 
minute. 

Thus  it  appears,  that  If  tlie  machine  ia  turning  twke  ii 
alow  as  before,  there  is  more  tfum  tw\ct  Uujbrffur  gmamiit^ 
in  the  rising  buckets,  and  more  will  be  raised  in  a  mimle 
by  the  same  expenditure  of  power.  In  like  manner,  if  titr 
machine  go  three  limefi  as  slow,  there  must  be  morr  tUm 
three  times  the  former  quantity  of  water  in  the  risb^ 
buckets,  and  more  work  will  be  done. 

But  we  may  go  farther,  and  assert,  Uiat  the  mtcrt  wr 
retard  the  machine,  by  loading  it  with  more  work  of  J 
similar  kind,  the  greater  will  be  its  pcrforuiauoe.  Tim 
does  not  immediately  appear  from  the  present  dtscuflBOO: 
but  let  us  call  the  Br&t  quantity  of  water  in  the  viaag 
bucket  A ;  the  water  raised  by  four  turns  in  a  minute  inH 
be  4  X  30  X  A,  =  120  A.  The  quantity  in  this  budd, 
when  the  machine  goes  twice  as  slow,  baa  been  shown  to  be 
greater  than  2  A  (call  it  2  A  -f  »r) ;  the  water  raised  bj 
two  turns  in  a  minute  will  be  2  x 30^  HA-^x  =  ISO  A 
+  60  X.  Now,  let  the  machine  go  four  times  m  sIov, 
making  but  one  turn  in  a  minute,  the  rising  bucket  muit 
now  contain  more  than  twice  ^  A  +  x,  or  more  th«a  4  A 
+  2x;  call  it4A  +  Sx  +  y.  The  work  daoe  hj  ooe 
turn  in  a  minute  will  now  be  30  X  4A  +  S!*  +  y  =  120  A 
+  60x-t-  30 1/. 

By  such  an  induction  of  the  work,  done  with  any  rales 
of  motion  we  choose,  it  is  evident  that  the  performance  of 
the  machine  increases  with  every  diminutioQ  of  its  vcjoaty 
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is  produced  by  the  ntere  addiuoo  of  a  similAT  load  of 
work,  or  that  it  does  the  more  work  the  dower  it  goes. 

We  have  supposed  the  machine  to  be  in  its  slate  of  per- 
manent nniform  motion.  If  we  consider  it  only  in  the  bc- 
gifsntng  of  \is  motion,  the  result  is  still  more  in  favour  of 
slow  motion  :  for,  at  the  first  action  of  the  moving  power, 
the  inertia  of  tlie  machine  itself  consumes  part  of  it,  and 
it  a<»}uires  its  permanent  speed  by  degrees ;  during  which, 
the  resistances  arising  from  the  work,  friction,  &c.  incream.% 
till  they  exactly  balance  the  pressure  of  the  water ;  and  af- 
ter this  the  machine  accelerates  no  more.  Now  the  greater 
the  power  and  the  resistance  arising  from  the  work  are,  in 
proportion  to  the  inertia  of  the  madiinc,  the  sooner  will  oil 
arrive  at  its  state  of  permanent  velocity. 

There  is  another  circumstance  which  im^mirs  iIjc  per- 
formance of  an  overshot  wheel  moving  with  a  great  velo- 
city, vix.  the  effects  of  the  centrifugal  force  on  the  water  in 
the  buckets.  Our  mill-wrights  know  well  enough,  that  too 
great  velocity  will  throw  the  water  out  of  the  buckets;  but 
few,  if  any,  know  exactly  the  diminution  of  power  pnw 
duced  by  this  cause.  The  following  very  simple  construc- 
tion will  determine  this :  Let  AOB  (Fig.  10.)  be  nn  over- 
shot wheel,  of  which  AB  is  the  upriglit  diameter,  and  C  i» 
the  centre.  Make  CF  the  length  of  a  pendulum,  which 
will  make  two  \ibrati0n3  during  one  turn  of  the  wheel 
Draw  FE  to  the  elbow  of  any  of  the  buckets.  The  water 
in  this  bucket,  instead  of  having  its  suHace  horizontal,  aa 
NO,  will  have  it  in  the  direction  n  O  perpendicular  to  FE 
very  nearly. 

For  the  time  of  falling  along  half  of  FC  b  to  that  of 
two  vibrations  of  this  pendulum,  or  to  the  time  of  a  rovolu- 
tkai  of  the  wheel  as  the  radius  of  a  circle  is  to  its  circum- 
ference: and  it  is  well  known,  that  the  time  of  moving 
akmg  half  of  AC,  by  the  uniform  action  of  the  centrifugal 
force,  is  to  that  of  a  revolution  as  the  radius  of  a  circle  lo 
ita  cinunftneocc.     Tbcrcfarc  the  time  of  dcscribisg  4  of 


fc        "      '      ' 

with  A  &Ke  vliick  ow-  be 
vitb  a  &rce  =:  AC  cr  CE.    B j 

gnm^,  tJMC  io,  to  the 

tcr  ia  cbe  KvoiTXDg  backtf» 

the  comfaiixd  force  F£* 

LetXEObe  the  poatknaf  diebadui.  vbk&jasckjiiB 
aQ  the  water  vfaicfa  k  RceiTed  »  it  pnaprf  the  ^woc  «4a 
not  dEectcd  bj  the  ceatiifa^  fiatoe;  aad  ki  NDObeis 
pMJtiuu  vfaeo  it  voold  be  cmptj.  Lei  the  -vaoai.  Sob 
llBDUgh  D  and  £  cat  the  drck  described  loadC  vak 
the  radius  CF  in  the  points  H  and  I.  Drav  HC,  IC.  cufi- 
ting  the  circle  AOB  in  L  and  M.  Bf  ake  the  ar^  «^  *  eqcai 
to  AL,  and  the  arch  ^  ■  equal  to  AM :  Then  C  <  aarf 
C '  vill  be  the  poations  of  the  bucket  on  the  renxTi^ 
whcd,  corresponding  to  CDO  and  CEO  on  the  wheel  m 
reat  Water  will  begin  to  run  out  at  •,  and  it  will  be  afl 
gone  at  '.—-The  demonstration  is  cTident. 

The  force  whidi  now  urges  the  whed  is  still  the  vdglil 
really  in  the  buckets :  for  though  the  water  is  urged  in  the 
directifin  and  with  the  force  f  £,  one  of  its  constituent^ 
CEf  ban  no  tendency  to  impel  the  wheel ;  and  K£  is  the 
only  inipeUing  force. 

It  is  hut  of  Jate  years  that  mills  have  been  ccmstructed 
or  attended  to  with  that  accuracy  and  scientific  skill  which 
are  necessary  lor  deducing  confidential  conclusions  from  any 
cxjierimcutH  tluit  can  be  made  with  them ;  and  it  is  there- 
lore  110  mailer  of  wonder  that  the  opinions  c^  miU-wrights 
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on  this  subject.  There  is  a  natural 
moving  briskly ;  it  has  the  appear 
ance  of  activity ;  but  n  very  slow  motion  always  looks  as  if 
tJic  mschtne  were  overloaded.  For  this  reason  mil Uw rights 
bavp  always  yipldcd  slowly^  and  with  some  reluctance,  to 
the  repeated  advices  of  the  mathematicians:  but  they  have 
yielded  ;  and  we  see  them  adopting  maxims  of  construction 
more  agreeable  to  sound  theory ;  making  their  wheels  of 
great  breadth,  and  loading  them  with  a  great  deal  of  work. 
Mr  Euler  says,  that  the  performance  of  the  best  mill  can- 
not  exceed  that  of  the  worst  above  Jth  :  but  we  have  seen 
a  stream  of  water  completely  expended  in  driving  a  small 
mill,  which  now  drives  a  cotton-mill  of  4^)00  spindles^ 
all  its  carding,  roving,  and  drawing  machinery,  be- 
es the  lathes  and  other  engines  of  the  smiths  and  carpen- 
workshops,  exerting  a  force  (not  less  than  ten  times 
at  sufficed  for  the  flax-mill. 
The  above  discussion  only  demonstrates  in  general  the 
advant^^gcs  of  slow  motion ;  but  does  not  jiointout  in  any  de- 
gree the  relation  between  the  rate  of  motion  and  the  work 
performed,  nor  even  the  principles  on  which  it  depends. 
Yet  this  is  a  subject  fit  for  a  mothematical  investigation  ; 
and  we  would  prosecute  it  in  this  place,  if  it  were  necessary 
for  the  improvement  of  practical  mechanics.  But  we  have 
seen  that  there  is  not,  in  the  nature  of  things,  a  maximum 
of  performance  attached  to  any  particular  rate  of  motion 
ich  should  therefore  be  preferred.  For  this  reason  we 
it  this  discussion  of  mere  speculative  curiosity.  It  is 
very  intricate :  for  we  must  not  now  express  the  pressure 
m  the  wheel  by  a  constuni  pillar  of  water  incumbent  on  the 
remity  of  the  horizontal  arm,  as  we  did  before  when  we 
posed  the  buckets  completely  fdle<l ;  nor  by  a  smafler 
tKi4iint  pillar,  corrcqxmding  to  a  smaller  but  eipal  quui  - 
lying  in  every  bucket.  Eachdif*'  '  '  *  -  '"  ' 
fereni  quantity  of  water  into  tlj- 
ut;  and  this  occaMon**  a  dill 
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tbo  diachajge  is  begun  md  eonpleted.    This 
UaonieobBtadeto  theadvantagaof  vcfy  slow  moiioosy  b»- 

cause  it  bhngii  cm  Use  discharge  sooner.  AH  Uiis  may  Or 
deed  be  cxpresflcd  by  a  simple  equation  of  e«^  niaing> 
meat ;  but  tlie  whole  process  of  the  mechaniod  dbemaiai 
ifi  both  intricate  and  tedious,  and  (he  results  are  ao  Bwdt 
diversified  by  the  forms  of  the  buckets,  that  tbey  do  B0( 
afford  any  rule  of  sufficient  generality  to  reward  our  troubtt 
The  curious  reader  may  see  a  very  full  uivestigatioo  of  dni 
subject  in  two  dissertations  by  Elvius  in  the  Swedish  Tnn»- 
actions,  and  in  the  Hydrodynamtqut  of  Pro(eMor  KanU 
ner  of  Gottingen  ;  who  has  abridged  these  DisseitatiaaB  of 
KIviuB,  and  considerably  improved  the  whole  invettigiiniy 
and  has  added  some  comparisons  of  his  deductions  with  thr 
actual  performance  of  some  great  works.  These  cxnaptfi- 
Bons,  however,  are  not  very  satisfactory.  There  is  abo  % 
valuable  paper  on  this  subject  by  Mr  Lambert,  in  the  Me- 
moirs of  the  Academy  of  Berlin  for  the  year  1775.  Froo 
these  dissertations,  and  from  the  H^drotfynamiqtie  o£  ihe 
Abbe  Bossut,  the  reader  will  get  all  that  theory  can  leach 
of  the  relation  between  the  pressures  of  the  power  aad 
work  on  the  machine  and  the  rates  of  its  moltoa.  Tbr 
practical  reader  may  rest  with  confidence  on  the  simple  de- 
monstration we  Imve  given,  that  the  performance  is  imprur- 
ed  by  diminishing  tlie  velocity. 

All  we  have  to  do,  therefore,  is  to  load  the  machine,  tod 
thus  to  diminish  its  speed,  unless  other  physacai  C3mtm- 
sunces  tlirow  obstacles  in  the  way :  but  there  ere  such  ob- 
stacles. In  all  machines  there  are  little  inequalities  oTa^ 
tion  that  are  unavoidable.  In  the  action  of  a  whed  tod 
pinion,  tliough  made  witli  the  utmost  judgment  and 
there  are  such  inequalities.  These  increase  by  the  di 
of  form  occasioned  by  the  wearing  of  the  machine— int 
greater  irregularities  arise  from  the  subsultory  tnoUoitf, 
cranks,  stampers,  and  other  parts  which  move  unequaU/{ 
reciprocally.     A  machine  may  be  so  lotklcd  an  just  to 
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equilibria  with  iu  work,  in  the  favourable  position  of  its 
parts.  When  this  changes  into  one  less  favourable,  the  ma- 
chine may  stop ;  if  uot»  it  at  least  staggers,  bobbles^  or 
works  unequally.  The  rubbing  parts  bear  long  on  eacit 
othcr^  with  enormous  pressures,  and  cut  dcq>,  and  increase 
friction.  Such  slow  motions  must  therefore  be  avoided. 
A  little  mure  velocity  enables  the  machine  to  get  over  Lhoae 
increased  resifitanccs  by  its  inertia,  or  the  great  quantity  of 
motion  inherent  in  it.  Great  machines  possess  this  advan- 
tage  in  a  superior  degree,  and  will  therefore  work  steadily 
with  a  smaller  velocity.  These  circumstances  are  hardly  sua- 
ceptible  of  mathematical  discussion,  and  our  best  reliance 
is  on  well-directed  experience. 

For  this  purpose,  the  reader  will  do  well  to  peruse  with 
care  the  excellent  paper  by  Mr  Smeaton  in  the  Philosophi- 
cal Transactions  for  1759*  This  dissertaiion  contains  a 
Dumerous  list  of  expciimcnts,  most  judiciously  contrived  by 
him,  and  executed  with  the  accuracy  and  attention,  to  the 
most  important  circumstances,  which  is  to  be  observed  in  all 
that  gentleman's  pcrf'orninnces. 

It  is  true,  these  experiments  were  made  with  small  mo- 
dels; and  we  must  not,  without  great  caution,  transfer  the 
results  of  such  experiments  to  large  works.  But  we  may 
Sftfety  transfer  tlie.Zazcj  of  variation  which  result  from  a  va- 
riation of  circumstances,  altliough  we  must  not  adopt  ihe 
absolute  quantities  of  tlic  variations  themselves.  Mr  Smea- 
ton was  fully  aware  of  the  limitations  to  which  conclusions 
drawn  from  experiments  on  models  are  subject,  and  has 
made  the  applications  with  his  usual  sagacity. 

His  general  inference  is,  that,  in  smaller  works,  the  rim 
of  the  overshot  wheel  should  not  have  a  greater  velocity 
than  three  feet  in  a  second ;  but  that  larger  mills  may  be 
allowed  a  greater  velocity  than  this.  When  every  tiling  is 
excculed  in  llie  best  manner,  he  says  that  the  work  |>er- 
ibr med  will  amount  lOjMkiMMAlunis  of  the  power  ex.* 
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pcndod ;  that  is,  that  three  cubic  feet  oT  wfttcr  deKeodmi; 
frum  anj  }ieight,   will  raise  two  to  the  wimi?  htfigtiL 

It  is  not  ver^  easy  to  oomparD  these  deductitsiis  mik  ob- 
senrations  on  hirge  works ;  because  \ltere  arc  few  cam 
tirfaere  we  have  good  measures  of  the  reaacanors  u|jpuMi  In 
the  work  performed  by  the  machine.  Mili^  employed  Hir 
pumping  water  aifbrd  the  best  opportunities.  But  tfav  ill* 
ertia  of  their  working  gear  dimhiishes  their  UBcful  po^ 
formance  very  sensibly ;  because  their  great  bouna,  pi™P 
rods,  &(u  have  a  reciprucatiag  motion,  whirii  nnul  be  dl^ 
stroycd,  and  produced  anew  in  every  stroke.  We  hare  «• 
anuncd  some  machines  of  litis  kind  which  arc 
good  ones ;  and  we  find  few  of  them  whose 
exceeds  one-half  of  the  power  expended. 

By  comparing  other  mills  with  these,  vtb  gei  ilu  ^■«'; 
formation  of  their  resistances.  The  comparoou  >^iih 
worked  by  Watt  and  Boultou's  steara-cngiaes  is  parimpil 
better  measure  of  the  resistances  opposed  by  diffareat  kadi 
of  work,  because  ihcir  power  is  very  distinctly  kncnm.  Wc 
have  been  informed  by  one  of  the  moet  eminent  engincBfti 
that  a  ton  and  half  of  water  per  minute  falling  one  foot  will 
griud  and  dress  one  bushel  of  wheat  per  hour.  Tlik  w 
equivalent  to  9  tons  falling  10  feet. 

If  an  overshot  wheel  opposed  no  resistance,  and  onlycNK 
bucket  were  filled,  the  wheel  would  acquire  the  veiocbf 
due  to  a  fall  through  the  whole  height.  But  when  it  bit 
this  state  of  accelerated  motion,  if  another  bucket  of  water 
is  delivered  into  it,  its  motion  must  bccliecked  oi  ihc  firtlt 
by  the  necessity  of  dragging  forward  this  wir  'lie 

buckets  fill  in  succession  as  they  p«s»  the  spoul,  ;..^  ..  ..^uv 
ncfjuired  by  an  imrcsisting  wheel  is  but  half  of  that  which 
one  bucket  would  give.  In  all  caaeB,  therefoir*  Clio  vekMrtf 
is  diminislied  by  the  inertia  of  the  entering  water  vrhn  it 
iii  simply  laid  into  the  upf)er  buckets.  Tlie  pcrfdrmaoo^ 
will  therefore  Ik*  iroprove<l  by  dehveritJg  tl>r  watrr  uo  tbv 
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Wheel  with  thftl  velocity  with  which  the  wheel  is  really  mor- 
iag.  And  as  we  "cannot  give  the  clirection  of  a  tangent  to  the 
irhed,  tJie  velocity  willi  which  it  is  delivered  on  tlie  wheel 
tnust  be  80  much  greater  than  the  intended  velocity  of  the 
run,  that  it  sluill  be  precisely  equal  to  it  when  it  is  cstimat- 
rd  in  the  direction  of  the  tangent.  Three  or  four  inclics 
of  fall  are  sufficient  for  this  purpose ;  and  it  should  ne^'er 
be  neglected^  fm*  it  has  a  very  sensible  influence  on  the  per- 
foRDancc.  But  it  is  highly  improjx*r  to  give  it  more  than 
tins,  with  the  view  of  impelling  llie  wheel  by  its  stroke. 
For  even  although  it  were  proper  to  employ  part  of  the  fall 
in  this  way  (which  we  shall  presently  see  to  be  very  impro- 
per), we  cannot  procure  this  impulse;  because  the  water 
falls  among  other  water,  or  it  strikes  the  Iwards  of  the 
wheel  with  such  obliquity  that  it  cannot  produce  any  sen- 
sible eff*ect. 

It  is  a  much-debfltod  question  among  mill-wrights,Whe- 
tlier  the  diameter  of  tlic  wheel  should  be  such  as  that  the 
water  will  be  deliverwl  at  the  top  of  the  wheel ;  or  larger, 
so  tliat  the  water  is  received  at  some  dislaiicc  from  the  lop, 
wlierc  it  will  act  more  perpendicularly  to  the  ann  ?  We  ap- 
prehend that  the  observations  formerly  made  will  decide  in 
favour  of  the  first  practice.  The  space  below,  where  tlie 
Water  is  discharged  from  the  whcelj  be'uig  proportional  to 
t]ie  diameter  of  the  wheel,  there  is  au  undoubted  loss  of  fall 
attending  a  large  wheel ;  and  this  is  not  compensated  by 
dehvering  the  water  at  a  greater  distance  from  the  perpen- 
dicular. We  should  therefore  recommend  the  use  of  the 
whole  descending  side,  and  make  the  diameter  of  the  wheel 
no  greater  tlian  tlie  fall,  till  it  is  so  much  reduced  that  the 
centrifugal  force  begins  to  produce  a  sensible  effect.  Since 
the  rim  can  hardly  have  a  smaller  velocity  than  three  feet 
per  second^  it  is  evident  that  a  smoll  wheel  roust  revolve 
more  rapidly.  This  made  it  proper  to  insert  the  determi- 
nation liiat  we  have  given,  of  the  loss  of  power  produced  by 
Uie  ceulrifugal  force.  But  even  wldi  this  in  view,  we  should 
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employ  much  smaller  wlieels  than  are  generoillj  ikx»  uq 
fimoJl  falls.  Indeed  the  loss  of  water  at  the  boOco)  vat 
be  diminiahcd,  by  nicely  fitting  the  ardi  which  snrroua^ 
the  wheel,  so  as  not  to  allow  the  water  to  escape  by  tk 
Aides  or  bottom.  While  this  improvement  remaini  iBganl 
order,  and  the  wheel  entire,  it  produces  a  vctj 
feet;  but  the  passage  widens  continually  by  ihc 
of  the  wheel.  A  bit  of  stick  or  stone  falling  in  about  iht 
wheel  tears  off  part  of  tlie  shrouding  or  bucket,  ami  &wly 
weatlier  frequently  binds  all  fast.  It  therefore  scldna  »• 
swers  expectations.  We  have  nothing  to  add  on  thi*  cue 
to  what  wc  have  already  extractoti  from  Mr  SmeaiBt\ 
Dissertation  on  the  Subject  of  Brcai.t  or  half  Ov 
Wl»cels. 

There  is  another  form  of  wheel  by  w^ch  watti*  i& 
to  act  on  a  machine  by  its  weight,  which  merits 
tion.  This  is  known  in  this  country  by  the  name  of 
kcr^s  TUill,  and  has  been  described  by  DesagiiilierS)  toLIL 
p.  408.  It  consists  of  an  upright  pipc^  or  trunk  AB  (P^ 
11.),  communicating  with  two  horizontal  braadiei  BC> 
B  c,  which  have  a  hole  C  c  near  their  ends,  opening  in  o^ 
posite  directions,  nt  rigtu  angles  to  their  lengths.  SupfNW 
water  to  be  poured  in  at  Uic  top  from  the  f^pout  F*  it  *fl 
run  out  by  the  holes  C  mid  c  with  tlic  velocity  comepoo^ 
ing  to  the  depth  of  these  holes  under  the  surfaoo.  The 
consequence  of  this  must  be,  that  the  arms  will  be  pi'mrf 
backwards;  for  there  is  no  solid  surface  at  the  hole  CcQ 
which  the  lateral  pressure  of  the  water  can  be  cxcft«k 
while  it  acts  with  its  full  force  on  the  opposite  side  of  tbe 
arm.  This  unbalanced  pressure  is  equal  to  ihe  wegbt  of 
a  column  having  the  oritice  for  its  base,  and  twice  tbi 
depth  under  the  surface  of  the  water  in  the  trunk  for  il> 
hdgbt.  This  measure  of  the  height  may  sci*ai  odd,  ba- 
cause  if  the  orifice  were  shut,  the  preeBurc  on  it  b  (lie 
weight  of  a  column  reaching  from  the  surfJM:e.  Bui  when 
it  is  open,  the  water  issues  with  nearly  the  vifkxniy  *> 
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quired  bj  falling  from  the  surface,  and  the  quantity  of 
motion  produced  is  that  of  a  colunm  of  twice  this  length, 
ng  with  thifi  velocity.     This  is  actually  produced  by 
pressure  of  the  fluid,  and  must  therefore  be  accom- 
by  an  ecpal  reaction. 
Now  suppose  this  apparatus  set  on  the  pivot  £,  and  to 
hsve  a  sp'uidie  AD  above  the  trunk,  furnished  with  a  cylin^ 
bobbin  D,  having  a  rope  wound  round  it,  and  pass- 
OTer  a  pulley  G.     A  weight  W  may  be  suspended 
,  which  may  balance  thb  backward  pressure.     If  the 
;ht  be  too  small  for  this  purpose,  the  retrograde  mo- 
of  the  arms  will  wind   up  the  cord,  and  raise  the 
ht;  and  thus  we  obtain  an  acting  machine,  employ- 
he  pressure  of  the  water,  and  apphcable  to  any  pur- 
A  runner  millstone  may  be  put  ou  Uie  top  of  the 
e;  and  we  siiould  then  produce  a  flour-mill  of  tlie 
t  simplicity,  having  neither  wheel  nor  pinion,  and 
ect  to  hardly  any  wear.     It  is  somewhat  surprising, 
although  tliis  was  invented  at  the  beginning  of  tliis 
tury,  and  appears  to  have  such  advantage  in  pmnt  of 
mplicity,  it  has  not  come  intt)  use.     So  little  has  Dr  De- 
ilier's  account  been  attended  to  (although  it  is  men- 
ed  by  him  as  an  excellent  machine,  and  as  highly  in- 
ructire  to  the  hydraulist),  that  the  same  invention  was 
n  brouglit  forward  by  a  German  professor  (Segner)  as 
own,  and  has  been  honoured  by  a  series  of  elaborate 
uiaitions  concerning  its  Uieory  and  performance  by  £u- 
r  and  by  John  Bernoulli.     Euler's  dissertations  arc  to  be 
bund  in  the  Memoirs  of  the  Academy  of  Berlin,  1751,  Sec 
md  in  the  Nov.  Comment  Petropol.  torn.  VI.    Bernoulli's 
ire  at  the  end  of  iiis  Hydraulics.    Both  these  authors  agree 
in  saying,  tliut  this  machine  excels  all  other  metttods  of 
mploying  the  force  of  water.     Simple  as  it  appears,  its 
e  theory,  and  the  best  form  of  construction,  are  moit 
use  and  delicate  subjects ;  and  it  is  not  easy  to  give 
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We  8G£,  in  general,  that  tlie  mucluxu:  vaunt  p 
wards;  and  iillie  investigation  suificcs  fur  i 
t}\€  intensity  of  this  pressure  when  t]]o  machine  is  jiiari. 
But  vrhen  it  is  allowed  to  run  badcwarda,  withdrawii^  it- 
self from  tlie  pressure,  tlie  intensity  of  tt  is  diminisiiod ;  an) 
if  no  other  circumstances  intervened,  it  tniglit  not  be  diS- 
cult  to  say  what  particular  pressure  corresponded  to  aay  nlr 
ofiiiotloo.  Accordingly,  Desaguiliers,  presuming  oo  lb 
stniplicity  of  the  machine,  affirms  the  proasuro  lo  bv  tks 
weight  of  a  column,  which  wotdd  produce  a  velocitj  of  iC 
flux  equal  to  the  diilerencc  of  the  velocity  of  the  fluid  mi 
of  the  machine ;  and  hence  he  deduces,  that  its  ptiia^ 
ancc  will  be  the  greatest  possible,  when  its  rctrogiadc  ««b» 
dty  is  one-third  of  the  velocity  acquired  by  falling  fnm 
the  surface,  in  which  case,  it  will  raise  Aths  of  the  vgur 
expended  to  the  same  height,  which  is  double  of  tbo  (O* 
fonnance  of  a  mill  acted  on  by  the  impulse  of  water. 

But  this  is  a  very  imperfect  account  nf  tlie  opefatitt 
When  tl»c  macli'me  (constructed  exactly  as  we  hai*  d^ 
scribed)  moves  round,  the  water  which  issues  deacends  is 
the  vertical  trunk,  and  then,  moving  along  the  Itorisonld 
anns,  partakes  of  this  circular  motion*  This  rsciies  • 
centrifugal  force,  which  is  exerted  against  the  ends  of  ifae 
anas  by  the  intervciitioti  of  the  Huiil.  The  whole  fluid  i» 
subjected  to  this  pressure  (increasing  for  every  sectioB 
across  tlie  arm  in  the  proportion  of  its  <V  'iit 

axis),  and  every  particle  la  pressed  with  Uic  *ac.  w...»i».^,:..i^JO- 
tnfugal  forces  of  all  the  sections  thai  are  ikcarer  to  the  ask 
Every  section  tlicreforc  sustains  an  actual  pressure  pmfH^ 
tional  to  the  square  of  its  distance  fn>m  tlie  axi^ 
taoeMcs  die  velocity  of  ciflux,  and  this  incrcaeet  t 
city  of  revolution;   and  this  mutual  oo-o|icraitiit 
seem  to  terminate  in  an  infinite  velocity  of  both  i 
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Bul>  00  ihc  other  hand,  this  drcular  motion  must  be  given 
anew  to  every  particle  of  water  as  it  enters  the  honzonlal 
«nn.     This  can  be  done  only  by  the  tnodon  already  in  die 
•nn,  and  at  its  expense.     Thus  there  must  be  a  velocity 
whid)  cannot  be  overpassed  even  by  an  unloaded  Diachine. 
But  it  is  also  pktn,  that  by  making  the  horizontal  arm 
v«fy  capadous,  the  motion  of  the  water  from  the  axis  to 
the  Jet  may  be  made  \-cry  slow,  and  much  of  this  dinunu- 
lion  of  circular  motion  prevented.     Accordingly,  Euler 
has  recommended  a  form  by  which  this  is  done  in  the  moBt 
eminent  degree.     His  macliine  consists  of  a  liollow  conoi- 
diil  ring,  of  which  Fig.  12.  is  a  section.    Thu-  |>art  AH  A  a 
B  a  sort  of  funnel  basin,  which  receives  the  water  from  the 
spout  F ;  not  in  the  direction  pointing  towards  the  axis, 
but  in  the  direction,   and  with   the   precise  velocity,  of  its 
motion.     This  prevents  any  retardation  by  dragging  for- 
ward the  water.    The  water  then  passes  down  between  Uie 
outer  conoid  AC  c  a  and  the  inner  conoid  HG^A  along 
spiral  channels  formed  by  partitions  soldered  to  both  co- 
noids.    The  curves  of  these  channels  arc  determined  by  a 
theory  which  aims  at  the  annihilation  of  all  nnnecesaary 
and  improper  motions  of  tlie  water,  but  which  is  too  ab- 
struse to  find  a  place  here.     The  water  thus  conducte<l  ar- 
rhres  at  the  bottom  CG,  eg.     On  the  outer  circumforvncc 
of  this  bottom  are  arranged  a  number  of  spouts  (one  fur 
eadi  channel),  which  are  all  directed   one  way  in  tangents 
to  the  circumference. 

Adopting  the  common  theory  of  the  reaction  of  fluids, 
this  should  be  a  very  powerful  machine,  and  should  raise 
t"?th»  of  the  water  expended.  But  if  wc  admit  the  reaction 
to  be  equal  to  the  force  of  the  issuing  fluid  (and  we  do  not 
sec  how  this  can  be  refused),  the  moclune  must  be  nearly 
twice  as  powerful.  AVe  therefore  repeat  our  wonder,  that 
it  has  not  been  bnnight  into  use.  But  it  appears  that  no 
trial  has  been  mode  even  of  a  "^rflJJi  M  tfcff'  ^^  have  no 
experiments  to  enctHirsige  at*     ■    '    ■     '^^Kf^ikc  trial. 
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Even  the  late  author^  Profi»K>r  SegnM-,  has  not  idtfed  tm 
thing  of  this  kind  in  his  Exerciiaiionts  HydrmuEea^  vfaoft 

he  particularly  describes  the  tnachtne.  Tim  mMM 
probably  has  proceeded  from  fixing  the  attenUoo  en  £nlcA 
improved  coostrvction.  It  is  plAio  thai  this  anitt  be  i 
roost  cumbrous  mass,  even  in  a  small  sise,  requiring  a  fty 
digious  vessel,  and  carrying  an  unwieldy  load.  If  *e 
examine  the  theory  which  recommends  this  comcnitfwi; 
we  find  that  the  advantages,  though  read  and  aeOMMe^  bar 
but  a  small  proportion  to  the  whole  porformanot  t£  ik 
ftimple  machine  as  invented  by  Dr  Barker.  It  b  thcrcte 
to  be  regretted,  that  engineers  have  not  attesnpCcd  lamfai 
the  first  project.  We  beg  leave  to  recommend  it,  wilfafl 
additional  argument  taken  from  an  addition  made  toitl^ 
Mr  Matliou  de  la  Cour,  in  Bozier^s  Journal  de  Phftiftk 
January  and  August  1775.  This  gentloman  fanngsdaas 
a  large  pipe  F£H  (Fig.  IS.)  from  a  reservoir,  bend«  it  of- 
ward  at  H>  and  mtroduces  it  into  two  homontal  arms  DA* 
DB,  which  have  an  upright  spindle  DK,  carrring  a  nil* 
stone  in  the  style  of  Dr  Barker^s  mill  The  ingenknv  ■»- 
chanician  vrill  have  no  difficulty  of  contriving  a  method  rf 
joining  these  pipes,  so  as  to  permit  a  free  circular  moCioa 
without  losing  much  water.  The  operation  of  the  madiinr 
in  this  form  is  evident.  The  water,  pressed  by  the 
FG,  flows  out  at  the  holes  A  and  B,  and  the  un 
pressure  on  the  opposite  sides  of  the  arms  fbroes 
round-  The  conipendiousness  and  other  advantages 
this  coustruclion  are  most  striking,  alk>wing  us  to  malca 
use  of  the  greatest  foil  witliout  any  increase  of  tike  axe 
tlie  machine.  It  undoubtedly  enables  us  lo  vtbploy  a 
stream  of  water  too  scanty  to  be  employed  in  ai^  OChc; 
form.      The  author  gives  the  dimensions  <'t  ^rTorl 

which  he  had  seen  at  Bourg  Argental.     AB  - 
and  its  diameter  3  inches  ;  the  diameter  of  t 
U;  FG  is  31  feet;  the  pipe  Owas^ 
ing  ;  and  the  internal  diameter  of  D  u  :£  ujclico. 
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When  tlie  machine  was  performing  no  work,  or  was  un- 
loaded, and  emitted  water  by  one  hole  only,  it  made  115 
turnn  iu  a  minute.  This  g^ves  a  velocity  of  46  feet  per 
second  for  the  hole.  This  is  a  curious  fact :  for  the  wa- 
ter would  issue  from  this  liole  at  rest  with  the  velocity  of 
37^.  This  great  velodty  (which  was  much  less  than  tiic 
velocity  with  which  the  water  actually  quitted  the  pii)e) 
was  undoubtedly  produced  by  the  prodigious  centrifugal 
fvroe,  which  was  nearly  17  times  the  weight  of  the  water  in 
the  orifice. 

The  empty  machine  weighed  90  pounds,  and  its  weight 
was  hall'  supported  by  the  upper  pressure  of  the  water,  so 
that  the  friction  of  the  pivots  was  much  diminished.  It  is 
a  pity  that  the  author  has  given  no  account  of  any  work 
done  by  the  machine.  Indeed  it  was  only  working  venti- 
lators for  a  large  hall.  His  theory  by  no  means  embraces 
all  its  principles,  nor  is  it  well-founded. 

We  think  that  the  free  motion  round  the  neck  of  the 
feeding  pipe,  without  any  loss  of  water  or  any  considerable 
friction,  may  be  obtained  in  the  following  manner :  AB 
(Fig-  1 4.)  represents  a  portion  of  the  revolving  horizontal 
pipe,  and  CE  e  c  part  of  the  feeding  pipe.  The  neck  of 
the  first  is  turned  truly  cylindrical,  so  as  to  turn  easily,  but 
without  shake,  in  the  collar  C  c  of  the  feeding  pipe,  and 
each  has  a  shoulder  which  may  support  the  other,  Tliat 
the  friction  of  this  joint  may  not  l)e  great,  and  the  pipes 
destroy  each  other  by  wearing,  the  horizontal  pipe  has  an 
iron  spindle  £F,  fixed  exactly  in  the  axis  of  the  joint,  and 
resting  with  its  pivot  F  m  a  step  of  hard  steel,  fixed  to  the 
iron  bar  Gil,  which  goes  across  the  feeding  pipe,  and  is 
firmly  supported  in  it.  Tliis  pipe  is  mode  bell-shaped, 
widening  below,  A  collar  or  hose  of  thin  leather  is  fitted 
to  tlie  insidu  ofil^   ;■.;.    :,'',!  '    I  (in  section)  by 
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rljApol*  Tbifl  id  drawn  in  above  tbe  Imber, 
it,  and  causrs  it  to  apply  to  the  Mb  of  tfar  ptpff  all 
Tltere  can  be  no  leakage  at  tkU  josoty  heoniw  the  «M0 
viU  press  tiie  leather  to  tbc  aoioaUl  inetal  p>p(  i  Bor  oa 
tlicre  be  any  sensible  ixictiony  beeoiise  Ibc  water  gtCs  it  Ik 
edge  oJ*  the  leather,  and  thewholeunbdaneedpRanviiit 
tJ]c  small  crevice,  between  the  iwo  metal  thauAda^  Htm 
ahouldcfft  need  not  touch,  so  that  the  &ictk»  amfthi  »• 
senaibk.  We  imagine  that  tlus  method  of  dgbttraga 
turning  joint  may  be  used  wiUi  great  adiramage  in  BHJf 
cases. 

We  have  only  further  to  observe  on  thia  coginei 
imperfection  by  which  tbe  pasa^ge  of  the  watar  ia 
cd  or  obstructed  produces  a  saving  of  water  whie^  ■  m  d* 
act  proportion  to  the  diminution  of  effect.  Tbe  only  iai^ 
curacy  ill  at  is  not  thus  compensated  b  wbca  lliejeliii» 
not  at  right  angles  to  the  arms. 

We  repeat  our  wishes,  that  engineers  would 
to  bring  this  iiioctuiie  into  use,  seeing  manj  Mtuatiaoa 
it  may  be  employed  to  great  advaata^     Suppoae,  &r 
stance,  a  small  supply  of  water  from  a  great  height  ftpfM 
in  this  manner  to  a  centrifugal  pump,  or  to  a  hair 
passing  over  a  pulley,  and  dipping  in  the  water  of  a 
well.    This  would  be  a  hydraulic  machine  eyeeedif 
others  in  simplicity  and  durability,  though  inferior  in 
to  some  other  constructions. 


2.  QfUndtrrjthoi  Whcdt. 

All  wliecls  go  by  this  name  where  tlie  mutiiai  d[ 
water  is  quicker  Oian  that  of  the  partitiona  ov  Kuanbof 
wheel,  and  it  therefore  impels  them.     These  ore  . 
fixU-hoards^  or JloaU,  of  an  tindcrshot  vrb     •      '• 
running  in  a  n>iU.row,  with  a  vclociiy  d> 
of  water,  or  from  a  declivity  of  cbanncJ^  bi  i 
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and  occasions,  by  its  deflections  sidewiso  and  up- 

[s,  a  pressure  on  the  floats  sufficient  for  impelling  the 
wheel. 

There  are  lew  points  of  practical  mechanics  tliat  baire 
been  more  considered  than  the  action  of  water  on  tlic  floats 
a  wheel,  hardly  a  book  of  mechanics  bdng  silent  on  the 
tbject.  But  tke  generality  of  tliem,  at  least  such  as  are 
ttelligible  to  persons  who  are  not  very  much  conversant  in 
dynamiaU  and  mathematical  discussion,  have  hardly  done 
ly  thing  more  than  copied  the  earliest  deductions  from 
the  simple  tlicorjr  of  the  r^cinunoo  /if  fluids.  The  conse* 
qucncc  has  been,  that  our  practical  knowledge  is  very  im- 
Fect ;  and  it  is  still  chiefly  from  experience  thatwc  must 
the  jwrfomiancc  of  undershot  wheels.  Unfortunately 
this  stops  their  improvement ;  because  those  who  have  the 
only  op|}ortunities  of  making  the  experiments  arc  not  suf- 
ficiently acquainted  with  the  principles  of  hydraulics,  and 
arc  apt  to  ascribe  diflcrcuccs  in  tlieir  performance  to  trifling 
nostrums  in  their  construction,  or  in  the  manner  of  apply- 
ing the  impulse  of  tlie  water. 

We  have  said  so  much  on  the  imperfection  of  our  theo- 
ries of  the  impulse  of  fluids  in  the  article  Resistance  of 
FuviDHf  that  we  need  not  repeat  here  the  defects  of  the 
common  explanations  of  die  motions  of  undershot  wheels. 
The  part  of  this  theory  of  the  inipukc  of  fluids  which 
agrees  best  with  observation  is,  that  the  impulse  is  in  (he 
dupUcate  proportion  of  tlic  x^eJoctttf  xciih  which  tlie  water 
strikes  thcjfoaf.  Tliat  is,  if  v  be  the  velocity  of  the  stream, 
and  «  the  velocity  of  the  float,  we  shall  have  F,  the  im- 
pulse on  the  float  when  held  fast  to  its  impalsey  on  the 

It  moving  with  the  velocity  u,  as  ir  to  v — u*,  andy= 


F    K 


V W 


This  is  the  pressure  acting  on  the  float,  and  urging  the 
wheel  round  its  axis.     The  ^hcel  must  yield  to  this  mcK 
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lion,  if  the  resistance  of  the  work  does  not  exert  a  superior 
pressure  on  the  float  in  the  opposite  direction.  By  tML 
iogy  the  float  withdraws  from  the  impulse,  and  llus  tl 
therefore  diminished.  The  wheel  aocelerates,  the  reast- 
anoes  increase,  and  the  impulses  diminish,  till  thej  become 
an  exact  balance  for  the  resistances.  The  motion  now  r^* 
mains  uniform,  and  the  momentum  of  impulse  is  equal  to 
tliat  of  resistance.  The  performance  of  the  mill  thervTore 
is  determined  by  this  ;  and,  whatever  be  the  construction  of 
the  milJ,  its  performance  is  best  when  the  momentum  of 
impulse  is  grratcst.  Thie  i«  had  b^  multiplying  the  pres- 
sure on  the  float  by  its  velocity.     Therefore  the  momen- 


tum will  be  expressed  by  F  X 


X  u.    But  since  F  and 


t^  are  constant  quantities,  tlie  momentum  will  be  propor- 
tional to  It  X  ^—1?,  Let  X  represent  the  relative  velocity. 
Then  r— ^  will  be  =  w,  and  the  momentum  will  be  pro- 
portional  to  t>— x  x  x',  and  will  be  a  maximum  when 
V — J  X  x^  is  a  maximum,  or  when  v  jt — x*  is  a  maximum. 
This  will  be  discovered  by  making  its  fluxion  ^  o.  That  is, 

2  vxx  —  3i"x  =  o- 

and      2vx  —  3j*=o 

or  2v  —  3x=;o 

and  S  c  =  3  X,  and  jr  =  §  t; ;  and  therefore  &— j,  or 
u,  =K=  li  V.  That  is,  the  velocity  of  the  float  must  be  one- 
third  of  the  velocity  of  the  stream.  It  only  remains  to  sa^r 
what  is  the  absolute  pressure  on  the  float  thus  circum- 
stanced. Let  the  velocity  v  be  supposed  to  arise  from  the 
pressure  of  a  head  of  water  /*.  The  common  theory  teaches 
that  the  impulse  on  a  given  suri'ace  S  at  rest  is  equal  to  the 
weight  of  a  column  h  S  ;  put  this  in  place  of  F,  and  |  i^ 
in  place  of  v —  u-  and  ^  v  for  u,  Thb  gives  us  S  A  x  A 
V  for  the  momentum.  Now  the  power  expended  is  S  A  r, 
or  the  column  S  k  moving  with  the  velocity  v.  Therefore 
the  greatest  performance  of  an  undershot  wheel  is  equiva- 
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ent  Co  raising  A  of  the  water  that  drives  it  to  the  same 

height 

But  this  ij  too  small  an  estinution ;  for  the  pressure  ex- 
erted on  a  plane  surface,  situated  as  the  float  in  a  miiUwheel, 
is  considerably  greater  dian  the  weight  of  the  column  S  ft. 
This  is  nearly  the  pressure  on  a  surface  wholly  immersed  in 
the  fluid.  But  when  a  small  vein  strikes  a  larger  plane, 
so  OS  to  be  deflected  on  all  sides  iu  a  thin  sheet,  the  Im- 
pulse is  almost  double  of  this.  This  is  in  some  measure 
the  cose  in  a  mill-wheel.  When  the  stream  strikes  it,  it  is 
heaped  up  along  its  face,  and  falls  back  again — and  during 
tliis  motion  it  is  acting  with  a  hydrostatic  pressure  on  iu 
When  the  wheel  dips  into  an  o|)en  river,  tliis  accumulation 
IS  less  remarkable,  because  much  escapes  laterally ;  but  in 
a  mill-course  it  may  be  considerable. 

Wc  have  considered  only  the  action  on  one  float,  but 
several  generally  act  at  once.  The  impulse  on  most  of 
them  must  be  oblique,  and  is  therefore  less  than  when  the 

ue  stream  impinges  perpendicularly ;  and  this  diminution 
f  impulse  is,  by  the  common  theory,  in  tlie  proportion  of 
the  sine  of  the  obliquity.  For  this  reason  it  is  maintained, 
the  impulse  of  the  whole  stream  on  the  lowest  float-board, 
which  is  perpendicular  to  the  stream,  is  ctpial  to  the  sum 
of  the  impulses  made  on  all  the  floats  which  tljen  dip  into 
die  water ;  or  that  the  impulse  on  any  obUque  float  is  pre- 
cisely equal  to  the  impulse  which  that  part  of  the  stream 
would  have  made  on  the  lowest  float-bourd  had  it  not  been 
interrupted.  Therefore  it  has  been  recommended  to  make 
such  a  number  of  float-boards,  that  when  one  of  them  is  at 
the  bottom  of  the  wheel,  and  [jerpendicular  to  the  stream, 
tile  next  in  succession  should  be  just  entering  into  the  wa- 
ter. But  ^nce  the  impulse  on  a  float  by  iKi  means  annihi- 
lates all  tlie  motion  of  the  water,  and  it  bends  round  it  and 
V»»»  the  one  behind  with  its  remaining  force,  there  must  be 
d^'antagL'  gained  by  employing  a  greater  number  of 
han  tlijs  ruJe  will  (termit.     Thb  is  abundantly  con- 
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firaisd  by  Uic  experiments  of  Smcfttoa  and  BomuL  IL 
Bossut  formed  three  or  ibur  supposiUoos  of  ti>6  number  W 
floato^  and  calculated  the  impulse  go  CBcfa ;  wcootding  la 
the  obdervAtions  made  in  a  courae  of  experimenu  madt  hf 
the  Acadttmy  of  Sciences,  and  inserted  by  ua  in  the  ntidt 
Hesistaxce  of  Flpips  ;  and  when  he  summed  ibciff  8p 
and  compared  the  results  with  his  expcrimeDta,  ha  toaai 
the  agreement  very  satisfactory.  He  dcdttoos  m  gMMl 
rule,  that  if  the  velodty  of  the  vhcd  n  ^d  of  that  of  the 
stream,  and  if  7S  degrees  of  the  ciraunferrocc  are  iiiiiiKiv 
ed  in  the  stream,  the  wheel  sltould  have  36  floota.  Ettk 
will  dip  }th  of  the  radius.  The  velocity  being  stiD  flip 
poecd  the  asmc,  there  sliould  be  more  or  fewer  doits  le- 
cording  as  tlic  arch  is  less  or  r^eatcr  than  72  degrees. 

Such  is  the  theory,  and  such  arc  the  circunwtanef  wtidi 
it  leaves  undetermined.  The  accumulution  of  tKr  wMcr 
cm  a  float^board,  and  the  force  with  which  it  may  stiQ  striW 
another,  are  too  intricate  to  be  assigned  witii  oiiy  tolordUc 
precisioix:  for  such  reasous  we  must  acknowledge  l>Mt  tW 
theory  of  undershot  wheels  is  still  very  imperfect,  and  thtf 
recourse  must  be  had  lo  experit-nce  for  thc-i  vi?fiwil 

We  therefore  strongly  recommend  the  peru,  i  r  dmia- 

t0Q''s  experiments  on  undershot  wheels^  ccmtained  in  lb 
seme  dissertation  witli  those  we  have  quoted  on  ovtTihi< 
wheels.  We  have  only  to  obsene,  that  lo  an  ofdiitarj 
reader  the  experiments  will  ap))eur  t(X)  mucli  in  favour  (t 
undenihot  wheels.  His  aim  is  partly  to  cstabtinh  a  Iheorjr, 
which  will  state  the  relation  between  tlielr  perftrmaner 
and  the  velocity  of  the  stream,  and  partly  to  state  the  ndh 
tion  between  the  power  expended  and  the  work  done.  The 
velocity  in  his  experiments  is  always  consklerahly  belo* 
that  whicli  a  body  would  acquire  by  ^  *'        '  '       nr- 

face  of  the  head  of  water ;  or  it  is  tin-  '  .     ^  iij 

a  shorter  fall.     Therefore,  if  wc  estimate  (be  pomfr  i^u 
pcnded  by  llie  quantity  of  water  ro»i 
niahed  fall,  we  bhall  make  it  loo  <tmall .  .mu  i>iL  miiiu«i 
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some  coses  is  very  great :  yet,  ercn  witli  lliesc  ooaoes- 
Bons,  it  appears  that  the  utmost  performance  of  an  under- 
eJiot  wheel  does  not  surpass  die  roiung  ^d  of  the  expended 
water  to  the  plai:e  from  which  it  came.  It  is  therefore  far 
inierior  to  an  orershot  wheel  expending  the  same  power; 
und  Mr  Belidor  has  led  engineers  into  very  mistaken  max- 
ims of  construction,  by  saying  that  overshot  wheel*  should 
be  given  up,  even  in  the  case  of  great  fallf*,  and  that  we 
should  always  bring  on  the  water  from  a  sluice  in  the  very 
bottom  of  the  dam,  and  bring  it  to  the  wheel  with  as  great 
velocity  as  possible.  Mr  Smeaiou  also  Rays,  that  the  max- 
imum ti&kes  place  when  tlie  velocity  of  the  wheel  is  Ubs  of 
that  of  the  stream,  instead  of  llhs  according  to  the  theory ; 
and  this  agrees  with  the  experiments  of  Bossut.  But  he 
meaaured  the  velocity  by  mean&  of  the  quantity  of  water 
which  run  past.  This  must  give  a  velocity  somewhat  too 
small,  as  will  appear  by  attending  to  Bual^s  obser\'ationfi 
on  the  superficial,  the  mean,  and  the  bottom  velocities. 

The  rest  of  his  observations,  are  most  judicious,  and 
wdl  adapted  to  the  instruction  of  practitioners.  We  have 
only  to  add  to  them  the  observations  of  Deparcieux  and 
Bossut,  who  have  evinced,  by  very  good  experiments,  that 
there  is  a  very  sensible  advantage  gained  by  inclining  the 
float-lKKirds  to  the  radius  of  the  wheel  about  20  degrees, 
so  that  tJie  lowest  Hoauhoard  shall  not  be  perpendicular, 
but  have  its  point  turned  up  the  stream  about  20  degrees. 
This  inclination  causes  the  water  t<?  heap  up  along  the  float- 
board,  and  act  by  its  weight.  The  floats  should  therefore 
bo  made  much  broader  than  the  vein  of  water  interrupted 
by  them  is  deep. 

Some  engineers,  observing  the  great  superiority  of  over- 
shot whcela  above  undershot  wheels  driven  by  the  same  ex- 
pense of  power,  have  proposed  to  bring  the  water  home  to 
le  bottom  of  the  wheel  on  an  even  btittom,  and  to  make 
\c  float-board  no  deeper  than  the  aperture  of  tlic  sluice. 


em 

whici)  would  permit  the  water  to  run  out.  The  wliflelii 
to  bo  lilted  willi  a  close  sole  and  sides,  exactly  fitted  totht 
ead  of  this  tiougli,  so  tliat  if  the  wheel  is  at  rest,  the  waut 
may  be  dammed  up  by  the  sole  and  float-board.  It  wil 
therefore  press  forward  the  float-board  with  the  wboW  force 
of  the  head  of  water.  But  tins  cannot  answer:  for  if  it 
suppose  no  float-boards,  the  water  will  flow  out  at  the  bo^ 
torn,  propelled  in  the  manner  those  persons  suppose ;  ui 
it  will  be  supplied  from  behind,  the  water  csomiDg  «&K8^ 
from  all  parts  of  the  trough  to  the  hole  below  the  wbed 
But  DOW  add  the  floats,  and  suppose  the  wheel  in  motka 
with  the  velocity  chat  is  expected.  The  other  floats  moit 
drag  into  motion  all  tlie  water  which  ties  between  thaOf 
giving  to  the  greaiesl  part  of  it  a  motion  vastly  gnsto' 
than  it  would  have  taken  in  consequence  of  the  prcanire  of 
the  water  behind  it ;  and  the  water  out  of  the  reftdi  of  tht 
floats  wilt  remain  still,  which  it  would  not  have  done  ind^ 
pendent  of  the  float-boards  above  it,  because  it  would  haw 
contributed  to  tlie  expense  of  the  hole.  The  motion, 
therefore,  which  the  wheel  will  acquire  by  tliis  cxmstructioo 
must  be  so  different  from  what  is  expected,  that  wean 
iiardty  say  what  it  will  be. 

We  are  therefore  persuaded,  that  the  best  way  of  deliv- 
ering the  water  on  an  undershot  wheel  iii  a  close  niill-counc 
is,  to  let  it  slide  down  a  very  smoolli  channel,  without  touch- 
ing the  wheel  till  near  the  bottom,  where  the  wheel  should 
be  exactly  fitted  to  tJie  course;  or,  to  make  lb-  "  '  •  a- 
cecdingly  broader  than  tlie  deplli  of  the  vein  of  ^^  '  ^h 

glides  down  tlie  course,  and  allow  it  to  be  partly  interwpu 
ed  by  the  first  floats,  and  heap  up  along  Uiem,  acting  by 
its  weight,  after  its  impulse  has  been  expended.  If^io 
bottom  of  the  course  be  an  arch  of  a  circle  described  with  a 
radius  much  greater  than  that  of  tlic  wheel,  the  water  which 
slides  down  will  be  thus  gradually  intercepted  by    '     *'    :*. 

Attempts  Iiave  been  made   to   construct  w.  els 

which  receive  the  impulse  obliquely,  like  the  salU  of  a  com- 
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mon  wmd-nuiL  This  would,  in  many  situaiionB,  bo  a  very 
great  acquisition.  A  very  slow  but  deep  river  could  in 
thia  manner  be  made  to  drive  our  mills;  and  although 
much  power  is  lost  by  Uie  obliquity  of  the  impulse,  the  r^ 
maindcr  may  be  very  great.  It  is  to  be  regretted,  iliat 
tliese  attempts  have  not  been  more  zealously  prosecuted ; 
for  we  have  no  doubt  of  dieir  success  in  a  very  ser\'iceable 
degree.  Engineers  have  been  deterred,  because  when  8uch 
wheels  are  plunged  in  un  open  stream,  tlieir  lateral  motion 
is  too  much  impeded  by  tlie  motion  of  die  stream.  We 
have  seen  one,  however,  which  was  very  powerful :  it  was 
a  long  cylindrical  frame,  having  a  plate  standing  out 
from  it  about  a  foot  broad,  and  surrounding  it  with  a  very 
oblique  spiral  like  a  cork-screw.  This  was  plunged  about 
one-fourth  of  its  diameter  (which  was  about  12  feet),  hav. 
ing  its  axis  in  the  direction  of  the  stream.  By  the  work 
which  it  was  jxTforming,  it  seemed  more  powerful  tlian  a 
common  wheel  which  occupied  the  same  breadth  of  the  ri- 
ver. Its  length  was  not  less  than  20  feet :  it  might  have 
been  twice  as  much,  which  would  have  doubled  its  power, 
without  occupying  more  of  tlie  water-way.  Perhaps  such 
a  spiral,  continued  to  the  very  axis,  and  moving  in  a  hoU 
low  canal  wholly  filled  by  the  strean),  might  be  a  very  ad- 
vantageous way  of  employing  a  deep  and  slow  stream. 

fiut  mills  with  obUque  floats  are  most  useful  for  employ- 
ing small  streams,  which  can  be  delivered  from  a  spout 
with  a  great  velocity.  Mr  Bossut  has  considered  these 
with  due  attention,  and  ascertained  llie  best  modes  of  con- 
struction. There  are  two  wliich  have  nearly  equal  per- 
formances :  1.  The  vanes  being  placed  like  those  of  a  wind- 
mill, round  the  rim  of  a  Ijorizontal  or  vertical  wheel,  and 
being  made  much  broader  than  the  vein  of  water  which  is 
to  strike  them,  let  the  spout  be  so  directed  tliat  the  vein 
may  strike  them  peipendicularly.  By  tliis  measure  it  will 
be  spread  about  on  the  vane  in  a  thin  sheet,  and  eicert  a 
pre»4ure  nearly  equal  to  twice  the  weight  of  a  column  whose 


(Uie^tifioeortlievpout,  ml  wbtmt  hwgfaiai 
prodisein^  the  vtAoaty. 

ICIb  of  this  kind  ar«  math  ia  ttse  in  the 
rope.     The  wfaed  u  horisoutal,  «id  the  v 
lies  the  milbtone ;  so  that  the  mUi  h  <£  thm 
city :  and  thu  is  its  chief  recovmendnciaR 
is  grently  infetior  to  that  of  n  whed 
tmml  manner. 

8.  The  vanes  nrnj  be  arranged  rrand  ihss  rim 
whed,  not  hke  the  saib  of  a  wlnd-nill,  in  plnoei 
ed  to  the  radii,  but  parallel  to  the  axia^'or  to  thft 
patting  Uirougti  tl)e  axis.  They  may  either 
aoley  like  thi*  oblique  floats  reconunended  bjr  Do  Pi 
as  above-xnentioYied  ;.  or  Uiey  may  stand  on  tlie 
rim,  not  pointing  to  the  axis,  but  aside  from  it. 

Tliis  disposition  wilj  admit  the  spout  to  bo  mon-  <i>o?» 
niently  disposed  either  for  a  horizontal  or  a  vertical  whai 

We  shall  conclude  this  article  by  describing  n 
ance  of  Mr  Burns,   the  inventor  of  the  doubl 
wheel,  for  tlxing  ihe  arms  of  a  wntcr-whecL      It  m 
known  to  mitUwrights,  that  the  method  of  fixing  themli; 
tnaking  them  to  pass  through  the  axle,  weakens  it  exeec^ 
mgiy,  and  by  lodging  water  in  the  joint,  soon  causes  it 
and  fiiil.     They  have,  therefore,  of  late  years  prul 
Ranches  on  the  axis,  to  which  each  arm  ts  bolted : 
flanchcfi  arc  so  fashioned  as  to  form  boxes,  str 
tices  to  receive  the  ends  of  the  onns.     The^^   .i.i»" 
purpose  completely,  but  are  very  cx|K!nsivc ;  and  it  is 
tliat  Anns  of  fir,   bolted  into  Bnnches  of  iron,   ore  apt  f 
fork  l<»osc.     Mr  Burn»  ban  mode   woo'        "     ches  of 
very  curious  consiruciion,  which  ;iro  or|ii;i  tnil  nr* 

much  less  than  the  iron  ones. 

Thin  flanch  consists  of  eight  pteccsi,  four  of  which  ort»- 
ihc  ring  rqirescntcd  in  Fig.  15.  meeting  in  thp)nurf< 
'«Z»,  ab,  ab^  ah,  dircctetl  to  the  centre O.  The  other  fwor 
are  covered  by  these,  and  their  joints  arc  wpre!»i-ulttl  hf 
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doited  lines  "A  '^  «^'  'A-    These  two  rings  break  joinl 

such  a  manner  that  an  arm  MN  is  contained  between 

tyro  nearest  joints  a'  1/  of  the  one,  and  *'  /*'  of  the  other. 

rTfee  tenon  formed  on  the  eod  of  the  arm  A,  Sec  i&  of  a  par- 

fticular  shape :  one  aide,  GF  is  directed  to  the  centre  O  ; 

mhe  otiier  side,  BCDE,  has  a  small  shoulder  BC;  then  a 

g  side  CD  directed  to  the  centre  O  ;  and  then  a  third 

D£  parallel  to  GF,  or  rather  diverging  a  little  from 

it,  so  as  to  make  up  at  £  the  thickness  of  the  shoulder 

fiC ;  that  is,  a  line  from  B  to  £  would  be  parallel  to  CD. 

Thb  side  of  the  tenon  dis  exactly   to  the  corresponding 

mde  of  the  mortise ;  but  the  mortise  is  wider  on  the  other 

•ide,  leaving  a  space  GFK  /*  a  little  narrower  at  FK  than 

at  Gh.     These  tenons  and  mortises  are  made  extremely 

Cnie  to  tlie  square;  the  pieces  are  put  round  the  axle, 

with  a  few  blocks  or  wedges  of  soft  wood  put  between  them 

and  the  axle,  leaving  the  space  empty  opposite  to  the  place 

_  of  each  arm,  and  firmly  bolted  together  by  bolts  between 

^He  arm  mortises.     The  arras  are  then  put  in,  and  each  is 

pressed  home  to  the  side  CDE,   and  a  wedge  HF  of  hard 

wood  is  then  put  into  the  empty  part  of  the  mortise  and 

driven  home.     When  it  comes  through   the  flanch  and 

touches  the  axle,  tlie  part  which   has  come  tlirough  is  cut 

off  with  a  thin  chisel,  and  die  wedge  is  driven  better  home. 

Tbe  spaces  under  the  ends  of  the  arms  are  now  filled  with 

vedgea,  which  arc  diiven  home  from  opposite  sides,  till  tlie 

circle  of  the  arms  stands  quite  perpendicular  on  the  axle, 

and  all  is  fast.     It  needs  no  hoops  to  keep  it  together,  for 

the  wedging  it  up  round  the  axle  makes  the  two  half  rings 

draw  dose  on  the  arms,  and  it  cannot  start  at  its  own  joints 

till  it  crushes  the  arms.     Hoops,  however,  can  do  no  harm, 

when  all  is  once  wedged  up,  but  it  would  be  improper  to 

put  Uicm  on  before  this  be  done. 
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steps  by  which  those  mechanicians  were  Jed  to  the  invention. 
The  Egyptian  wheel  was  a  couunon  machine  all  over  Asia, 
and  Lt  ktill  in  use  in  the  remuluiit  corners,  and  was  brought 
by  the  Saracens  into  Spain,  Avhere  it  is  still  very  common 
under  its  ancient  name  ^io&ja.  The  Danish  missionaries 
found  in  a  remote  village  in  the  kingdom  ofSiam  the  imme- 
diate offspring  of  tiie  noria-  It  was  a  wheel  turaed  by  an 
ass,  and  carrying  round,  not  a  string  of  earthen  pots,  but 
a  string  of  wisps  of  hay  which  it  drew  through  a  wooden 
trunk.  This  rude  chain-pump  was  in  frequent  use  for  wa- 
tering the  ricc-ficlds.  It  ib  highly  probable  timt  it  is  of 
great  antiquity,  although  we  do  not  recollect  its  being  men- 
tioned by  any  of  the  Greek  or  Roman  writers.  The  Arabs 
and  Indians  were  nothing  less  than  innovators;  and  we 
may  suppose  with  great  safety,  that  what  arts  we  now  find 
among  them  they  possessed  in  very  remote  periods.  Now 
step  from  this  to  the  pump  is  but  short,  though  it  is 
and  refined  ;  and  the  forcing  pump  of  CtcsLbius  is  tlie 
earnest  and  most  natural. 

Let  AB  (Plate  XIL  Fig.  1.)  be  the  surface  of  tlie  wa- 
ter in  the  well,  and  D  the  height  where  it  is  to  be  deHver- 
ed.  Let  DC  be  a  long  wooden  trunk,  reacliiog  as  deep 
under  water  as  possible.  Let  the  rope  £F  be  fitted  with 
iu  knot  of  hay  F.     When  it  is  drawn  up  through  the 
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a  backet  or  somelhing  (limilar.  'Af-rXtt,  wlitch  is*  the  primitive,  a  a 
dniD,  rink,  or  reeepuele  for  coUeetmg  scattered  water,  either  for 
oaf,  or  to  get  rid  of  it ;  hence  it  came  to  Bignify  the  atnk  or  well  of 
a  ship ;  and  'mtr^i,  was  tynonimous  with  our  verb  "  to  bole  the  boat." 
{Odjfti.  O.  *?ti.  M.  *l  I.  £uryp,  Hecuba,  1025.)  'A^rXm  is  the  vutH 
or  htu:ktt  with  which  water  is  drawn.  'AtrAi«  is  the  service  (gene- 
rally a  puniahnicnl)  of  JrawJng  water.  AtrxSn  "  to  draw  water  with 
a  bucket :"  hence  the  force  of  ArtstolJtf's  exprraeion  (Ol-wh,  J.),  vm 
ym^  U/i^  'MMfrXM  rmrr'  Ir*.  Scc  cvcH  the  late  authority  of  the  New  Tea* 
lament,  John  ii.  8. ;  iv.  7.  II.  Uere  'm^x^ftm  u  evidniLly  something 
which  the  wgman  brought  along  with  her ;  probably  a  bucket  and  rope. 
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trunks  ft  vrill  bring  up  along  wtih  it  all  the  water 
between  C  and  A,   which  will  begin  to  mn  out  bytk 
ftpout  D  a»  soon  as  tlic  knot  gets  to  6,  as  for  bdow  D  » 
C  is  below  A.     Ail  this  is  very  obvious  ;  and  it  mpnnd 
but  little  refleetion  to  Ik  assured,  that  if  F  was  let  duwn 
agiun,   or  pushed  down,  by  a  rod  instmd  c^  i  nipc,  H 
would  again  perform  the  same  office.     Here  is  a  raj  iB- 
ple  pump.     And  if  it  was  ever  put  In  practice^  it 
to  show  Uie  supporting  power  of  tlie  atmoaphere> 
the  water  would  not  only  be  lifted  by  the  knot,  but 
even  follow  it.     The  imperfection  of  this  pucnp 
appear  at  first  sight,  and  to  suggest  its  remedj*   Bjr 
ing  down  the  knot  F,  which  we  shall  henceforward  adIAe 
J)i4i07i,  all  the  force  expended  in  lifting  up  the  wader  be- 
tween A  and  G  Is  thrown  away,  because  it  is  ^gaio  bl 
down.     A  valve  G,  at  the  bottom,  would  prrveat  thit 
But  then  there  must  be  a  passage  made  for  the  water  br  • 
Literal  tube  KBD  (Fig.  2.)     And  if  this  be  oho  furmihcd 
with  a  valve  H,  to  prevent  its  losing  the  wftter,  we  htfv 
the  pump  of  Ctesibius,  as  sketched  in  Ftg.  2,     The  vtlte 
15  the  great  refinement :  but  perhaps  even  this  had  ma6t 
its  appearance  before  in  the  norio.     For,  in  the  mofv  pff^ 
feet  kinds  of  these  machines,  the  pots  have  a  atop  or  valve 
in  their  bottom,  which  hangs  open  while  the  pot  deswwA 
with  its  mouth  downwards,  and  then  allows  it  (o  All  readily 
in  tlic  cistern  ;  whcrea-s  without  the  valve,  il  would  ooc^ 
»on  a  double  load  to  the  wheeL     If  we  suppose  that  ihe 
valve  had  mode  its  appearance  so  early,  it  ts  not  t 
ble  that  the  common  pump  sketched  in  Fig.  9.   was 
as  that  of  Ctesibius.  In  this  dissertation  we  shall  CnCgive 
a  short  description  of  the  chief  varieties  of  theae  en^ocvi 
considering  litem  in  their  simplest  form,  and  wr  shall  ex- 
plain in  very  general  terms  their  mode  g£  operation.    We 
shall  then  give  a  concise  and  f)0]ntlar  theory  of  their  npn 
ation,  furnishing  principles  to  direct  as  in  thdr  tootawt* 
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tioa ;  and  we  sliall  conclude  with  the  dc&cnplion  of  a  few 
peculiarities  which  may  contribute  to  tlieir  iinprovemcat  or 
(lerfection. 

There  are  but  two  sorts  of  pumps  whidi  essentially  dif- 
fer ;  and  all  the  varieties  that  we  see  are  only  modificationa 
of  these.     One  of  these  original  pumpa  has  a  solid  piston  ; 
other  has  a  piston  with  a  perforation  and  a  valve.    We 
suallj  call  the  first  a  fobcinc  pump,  and  the  second  a 

LIFTIKC  or  SUCKING  PUMP. 

Fig.  2'  u  a  sketch  of  the  forcing  pump  in  its  most  sim- 
ple form  and  situation.  It  consists  of  a  hollow  cylinder 
ACca,  called  the  working  babkei.,  open  at  both  cnds^ 
and  having  a  valve  G  at  the  bottom,  opening  upwards. 
'iTiiK  cylinder  is  filled  by  a  solid  piston  EF,  covered  exter- 
oally  with  leather  or  tow,  by  which  means  it  fits  tlie  box 
f  the  cylinder  exactly,  and  allows  no  water  to  escape  by 
sudes-  There  is  a  pipe  EHD,  which  communicates  la- 
terally with  this  cyhuder,  and  has  a  valve  at  some  conve- 
nient place  H,  as  near  as  possible  to  its  junction  with  the 
cylinder.  This  valve  also  opens  upwards.  This  pipe, 
usually  called  the  bising  pipb,  or  uaiN)  terminates  at  the 
place  D,  where  the  water  must  be  delivered. 

Now  su])po&c  this  apparatus  set  into  the  water,  so  timt 
the  up[)er  end  of  the  cylinder  may  be  under  or  even  witli 
tlie  surface  of  the  water  AB,  the  water  will  open  tlic  valve 
G,  and  after  filling  the  barrel  and  lateral  pipe,  will  also 
o|)en  the  valve  H,  and  at  last  stand  at  an  equal  Jicighi 
within  and  without.  Now  let  the  piston  be  put  in  at  the 
top  of  the  working  barrel,  and  thrust  down  to  K.  It  will 
push  tJic  water  before  it.  This  will  shut  the  valve  G,  and 
the  water  will  make  its  way  through  the  valve  H,  and  fill 
a  part  D  /r  of  the  rising  pipe,  equal  to  the  internal  capacity 
uf  the  working  barrel.  When  this  downward  mution  nf 
the  paston  ceases,  the  valve  H  will  fall  down  by  its  own 
weight  and  »but  tins  passage.  Now  let  the  piston  be 
drawn  up  again :  the  rolvc  U  hinders  tlie  water  in  the  ri»- 
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lUg  j^  from  rrtnmingittto  Oie  wrtHtTnglsarrel.  Buino^ 
the  valve  G  IB  opened  by  the  j>rcBsure  of  the  cxtcmil  w»i 
ter,  and  the  water  enters  nnd  fills  the  cylinder  as  the  pbfioa 
rises.  When  tlic  piston  has  got  to  the  lop,  let  it  be  sfanut 
down  agnin :  the  valve  G  will  again  be  shut,  ajid  thrwaoer  . 
will  be  forced  through  the  passage  at  H,  and  rise  alungdw 
main,  pushing  before  it  the  water  already  there,  and  «tfl 
now  hare  its  surface  at  L.  Repeating  this  opentioD,  ^ 
water  must  at  last  arrive  at  D,  however  rcimrte,  and  tfai 
next  stroke  would  raise  it  toe;  so  that  during  the  nest 
xisc  of  the  piston  the  water  in  «  D  will  be  runimig  off  by 
liie  spout. 

The  effect  will  be  the  same  whatever  is  the  poatioe  rf 

le  working  barrel,  provided  only  that  it  be  under  witir. 
[I  may  lie  horizontally  or  sloping,  or  it  may  be  with  itt 
luth  and  pistoti  rod  undermosL  It  is  still  the  same 
rcing  pump,  and  operates  in  the  same  manner  and  hf 
iQie  same  means,  viz.  the  pressure  of  the  surromding 
vater. 

The  external  force  which  must  be  applied  lo  prcdooe 
this  effect  is  opposed  by  the  pressure  exerted  by  the  waxer 
'on  the  opposite  face  of  the  piston.  It  is  evident,  from  Af 
[common  laws  of  hydrostatics,  that  this  opposing  pressiuc  h 
Icqual  to  the  weight  of  a  pillar  of  water,  having  the  ^tee  dt 
the  piston  for  its  base,  and  the  perpendicular  height  ^  A  of 
the  place  of  delivery  above  the  surface  of  the  water  AB  in 
the  cistern  for  its  height.  The  form  and  dimensons  of  iht 
rising  pipe  are  indifferent  in  this  respect,  because  heavy 
fluids  press  only  in  the  proportion  of  their  pcrpendicukr 
[height.  Observe  that  it  is  not  d  F,  but  d  A,  which  me^ 
Itures  this  pressure,  wliich  the  moving  force  must  balance 
tnd  surmount.     The  whole  pressure  on  the  iti  I'jee 

tFy*of  the  piston  is  indeed  equal  to  the  wc'  _^'  !jr 

Fy>;  but  part  of  this  is  balanced  by  t!i  fa. 

r  indeed  the  water  does  not  get  into  the  upper  pan  (ffthc 
working  barrel,  this  compensation  does  not  o1>tAli.    '^Vhfle 
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wt  draw  up  the  piston,  this  pressure  is  retnoved,  hectuic 

$11  coiumuni(*4itioQ  xa  cut  ofF  by  the  valve  H,  which  now 
bears  the  whole  pressure  oi'  the  water  in  (he  main.  Nay* 
the  ascont  oi*  the  piston  is  evea  aaatted  by  the  preesure  of 
the  surroimding  water.  It  b  only  during  the  descent  of 
the  piston  therefore  that  the  external  ibrce  is  necessary. 

Observe  that  the  measure  now  given  of  the  external  foroe 
u  only  what  is  neceaaoty  for  balancing  the  pressure  of  tht 
water  in  die  rising  pipe.  But  in  order  that  the  pump  vaaf 
perform  work,  it  must  surmcmnt  this  pressure,  and  causa 
the  water  to  issue  at  D  with  such  a  velocity  that  the  !•• 
quired  quantity  of  water  may  be  deliyercd  in  a  given  time* 
This  requin-'s  force,  even  although  here  were  no  oppoaii^ 
pressure ;  which  would  be  the  case  if  the  main  were  hoii- 
MUtaL  The  water  fills  it,  but  it  is  at  rest.  In  order  that 
a  g^tlloB,  for  inslauciN  may  be  delivered  in  a  second,  tbs 
whole  water  in  the  horizontal  main  must  be  put  in  motion 
with  a  certain  velocity.  This  requires  force.  We  must 
therefore  always  distinguish  between  the  state  of  equili* 
biium  and  the  state  of  actual  working.  It  is  the  eqinli^ 
brium  ooJy  that  we  consider  at  present ;  and  no  more  is 
Secassary  for  understanding  the  operation  of  the  different 
species  of  pumps.  The  other  force  is  of  much  more  intri- 
cate investigation,  and  will  be  considered  by  itself. 

The  simplest  form  and  situation  of  the  lifting  pump  is  re- 
presented by  the  sketch  Fig.  3,  The  pump  is  immersed 
in  U)e  cistern  till  both  tl^  valve  G  and  piston  F  are  under 
the  surface  AB  of  the  surrounding  water.  By  this  means 
the  water  enters  the  pump,  opening  both  valves,  and  fiiiaiiy 
stands  on  a  level  within  and  without. 

Now  draw  up  the  piston  to  the  surface  A,  It  must  lifl 
up  the  water  which  is  above  it  (because  tbe  volvo  in  die 
piston  remains  shut  by  its  own  weight)  ;  so  that  its  surface 
will  now  be  at  0,  A  a  being  made  equal  to  AF,  In  tho 
meantime,  the  pressure  of  the  surrounding  water  forcet  i/k 
uuo  the  working  barrel,  through  the  valve  G;  and  tho 
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bfliTel  is  now  filled  with  water.  Now,  Irt  tlir  fuiUjn  br 
pu&lied  down  agaiu ;  the  valve  G  'immedkielj  thuu  bjr  tti 
own  weight,  and  in  ttpposition  to  the  endoavouw  whic)l 
water  in  the  barrel  niakes  to  escape  this  way.  Thw 
tempt  to  compress  the  water  in  the  bam4  causes  it  toofaea 
the  valve  F  in  the  piston ;  or  rather,  thi«  valve  yklit  to 
our  endeavour  to  push  the  piston  down  througfa  tbr  viter 
in  tlic  working  barrel.  By  this  means  we  gee  the  |i^ 
ton  to  die  boitom  of  the  barrel ;  and  it  hos  now  abovt 
the  whole  pillar  of  water  reaching  to  tbc  bei^^bt  a.  Otiv- 
Ing  up  tlie  piston  to  die  surface  A  a  second  tiioe,  nmst  KiA 
this  double  column  along  with  it,  and  ita  surface  now  will 
be  at  6.  The  piston  may  again  be  thrust  down  through 
the  water  in  the  barrel,  and  ag^n  drawn  up  to  the  mr^Ke. 
which  will  raise  the  water  to  c  Another  repedtioa  will 
use  it  to  d ;  and  it  will  now  show  itself  at  the  intefldcd 
(place  of  delivery.  AnoUier  rvpetitton  will  rasae  H  lor; 
id  while  the  piston  is  now  desccndin  uakc  aaollKr 

|atroke,  tlie  water  in  ed  will  be  ruiiFin  _,  ihrotigb  thr 

tqaout  D ;  and  thus  a  stream  will  be  produced,  in  aome  d^- 
l^rec  continual,  but  very  unequal.  This  is  inoonvciiienl  in 
aaany  caries :  thus,  in  a  pump  for  domcBtie  uses,  sncb  t 
hobbling  stream  wuuJd  moke  it  very  troublesome  lo  i0  • 
icket  It  is  therefore  usual  to  terminate  the  maia  byW 
dstcm  LMXO,  and  to  make  the  npottt  small.  By  iKtt 
means  the  water  brouglit  up  by  the  stiooeaMtve  etrokei  of 
the  piston  rises  to  such  a  height  in  this  ostcm,  as  to  pnv 
duce  an  efflux  by  the  spont  nenrly  equable.     ':  'Scr 

we  make  the  spout  D  the  morec*;     * '       '■ '  ortaia; 

for  when  the  piston  brings  up  n^  u  be  di^ 

charged  during  its  descent,  acme  of  ic  remains  in  tlked^ 
tern.    This,  added  to  the  supply  of  n  ikes  die 

water  rise  higher  in  the  cistern  than  ii  .Uu   ...  ^^r-^. 

ing  stroke.     This  will  cause  die  efflux  to  be   ,  dur- 

ing tlie  descent  o£  the  piston,  but  pcrimpa  ooi  yet  fdB* 
dendy  quick  to  discltarge  the  whole  supply.     It 
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bi^ier  next  Etioice ;  and  at  but  it  rises  so  higb,  that 
iDcraaied  vdcxuty  of  dBux  makes  the  discharge  precifie- 
ly  balance  the  supply.    Now,  the  quantity  supplied  in  each 
stroke  is  the  same,  and  occu|hc8  the  same  room  in  the 
at  top :  and  tjie  surface  will  sink  the  same  number 
inches  during  the  descent  of  the  piston,  whether  that 
surface  has  been  high  or  low  at  the  banning,    fiut  be- 
cause the  velocities  of  the  efflux  are  as  the  square  roots  of 
the  heights  of  the  water  above  the  spout,  it  is  evident  that 
a  sink  of  two  or  three  inches  will  make  a  smaller  change 
in  the  velocity  of  efflux  when  this  height  and  velocity  are 
great.    This  seems  but  a  trifling  observation  ;  but  it  serves 
to  illustrate  a  thing  to  be  con^dered  oilcrwards,  which  is 
important  and  abstruse,  but  perfectly  sunllar  to  this. 

It  is  evident,  that  the  force  necessary  for  this  operation 
must  be  equal  to  the  weight  of  the  pillar  of  water  d  A  a  D» 
if  the  pipe  be  perpendicular.  If  the  pump  be  standing 
aslope,  the  pressure  which  is  to  be  balanced  is  still  equal  to 
the  weight  of  a  pillar  of  water  of  this  perpendicular  height, 
and  having  the  surface  of  the  piston  for  its  base. 

Such  is  the  simplest,  and,  we  may  add,  by  far  the  best, 
form  of  the  forcing  and  lifting  pumps ;  but  it  is  not  the 
I  most  usual.  Cirucmstances  of  convenience,  economy,  ^md 
I  note  frequently  of  fancy  and  habit,  have  caused  the  pum|i- 
^^hakers  to  deviate  greatly  from  this  form.  It  is  not  usual 
^^0  have  the  working-barrel  in  the  water ;  this.  e.specially  in 
deep  wells,   makes  it  of  diHicult  access  for  repairs,  and  re- 

N quires  long  piston-rods.     This  would  not  do  in  a  forcing 
lump,  because  they  would  bend. 
■  We  have  supposed,   in  our  accoimt  of  the  lifting-pump, 
that  tlie  rise  of  the  piston  always  terminated  at  the  surface 
of  the  water  in  the  cistern.     This  we  did  in  order  that  the 
barrel  might  always  be  filled  by  the  pressure 
unding  water.     But  let  us  suppose  that  tl 
ston  does  not  end  here,  and  iliat  it  is  gni' 
(he  very  lop  :  it  ts  pl«n  (hat  the  prc»im9 


gfhtre  ii  by  ihis  mtfftiu  taken  off  from  the  mirr  in  the  pft 

(see  PttKUMATirs),  while  it  remains  prcang  oa  ibe  vUff 

cf  the  cistero.     It  will  therefore  oauso  the  wsler  to  ibUot 

the  pistofi  as  it  rises  through  the  ptpe»  and  it  wiM  itimm 

jiti  thiK  way  3 J  i'ecl  at  a  medium,     if,  thrryfiiee,  the  ipM 

D  is  not  more  than  33  feet  above  the  amfima  of  the 

in  the  cistern,  the  pipe  will  be  full  of  wtftcr  wiicn  ihei 

ton  is  at  IX     Let  it  be  pasiied  down  to  the  bottoia; 

water  will  remain  in  the  pipe,  becauie  the  valve  G  wiD 

[and  thus  we  may  give  the  piston  a  stroke  of  auy  kfigth  aol 

^exceeding  S3  feet.     If  we  raise  it  hi'^^  -    'haa  tlua^ 

water  will  not  follow  ;  but  it  wili  rein^  ic  pipe 

by  the  pistoa^  after  it  hat  been  pushed  down 
'it  to  the  bottom. 

But  it  ia  not  necessary,  and  woold  be  vcrj  biciMiinnily 
give  the  piston  so  long  a  slTYike.  The  great  uw  of  ■ 
imp  is  to  render  effectual  the  reciprocatian  of  n  ahtft 
Stroke  which  we  con  conmiaud,  while  such  a  laag  atfuks  if 
generally  out  of  our  power.  Suppuiie  tliat  Uw  piMOQ  11 
pushed  down  only  to  6,  it  wili  then  have  a  cnliww  b/^'i^ 
cumbent  on  it,  and  it  vriil  lift  tlus  column  when  aigaui  cbavn 
up.  And  this  operation  may  be  repeated  hkc  the  fomcTi 
wben  the  piston  wsa  always  under  water;  for  the  praMic 
of  the  atmosphere  will  always  cause  the  water  ta  follow  the 
piston  to  the  height  of  33  feet. 

Nor  is  it  necessary  that  the  fixed  valve  G  bo  pieced  M 
the  lower  orifice  of  the  pipe,  nor  even  under  vroier.  W^ 
while  things  are  in  the  state  now  described,  the  piitOA 
drawn  up  to  /,  and  the  whole  pipe  full  of  water;  if  «w 
suppose  another  valve  placed  at  0  above  the  Kurfiiof  of  the 
cistern,  this  valve  can  do  no  hansu  Now  let  the  piston  d^ 
seend,  botli  valves  G  and  b  will  shut.  G  may  nmr  be  R- 
moved,  and  the  water  will  remain  supported  m  tUe  bthuc 
h  G  by  the  air ;  and  now  the  alternate  motions  o<J 
ton  will  produce  the  same  eficct  as  bcforv. 
We  found  in  the  former  ease  Utat  (lie  piston  wa» 
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m  bted  e<piEl  to  the  weight  oi*  a  pillar  of  water  of  the  height 
AD,  because  the  surrminding  water  could  only  support  it 
at  its  own  level.  Let  u«  see  what  chatige  is  produced  by 
the  asfiifiiaiice  of  the  pressure  of  the  atmryrpbere.  Let  the 
under  surface  of  the  piston  be  at  b  ;  when  tlie  piston  was 
Aiy,  S3  feet  above  the  surface  of  the  cistern,  xhr-  water  was 
raised  to  that  height  by  the  pressure  of  llie  atmosphere. 
Suppose  a  partition  made  at  6  by  a  thin  plate,  and  all  the 
water  above  it  taken  away.  Now  pierce  a  hole  in  this 
plate.  The  pressure  of  the  atmosphere  was  able  to  carry 
tlie  whole  columnya.  Part  of  this  column  is  now  remov- 
ed, and  the  remainder  is  not  a  balance  for  the  air's  pressure. 
This  will  therefore  cause  the  water  to  spout  up  through 
this  hole  and  rise  to^  Therefore  the  under  surface  of  this 
plate  is  pressed  up  by  tlie  contiguous  water  with  a  force 
equal  to  the  weight  of  that  pillar  of  water  which  it  former- 
ly supported ;  that  is,  with  a  force  equal  to  the  weight  of 
the  pillary6.  Now,  the  under  surface  of  the  piston,  when 
at  ft,  is  in  the  same  situation.  It  is  presses!  upwards  by 
the  water  below  it,  with  a  force  equal  to  the  weight  of  the 
column /d.-  but  it  is  pressed  downwards  by  tlie  whole 
pressure  of  the  atmosphere,  which  presses  on  all  bodies ; 
chat  ifi,  jWith  the  weight  of  the  pillar /o.  On  the  whole, 
therefore,  it  is  pressed  downwards  by  a  force  equal  to  the 
dilTerence  of  the  weights  of  the  pillars  y a  andyft  ;  that  is, 
bj  a  force  equal  to  the  weight  of  the  pillar  b  a. 

It  may  be  conceived  better  perhaps  in  this  way.  When 
the  piston  was  under  the  surface  of  the  water  in  the  dstem, 
it  was  equally  pressed  on  both  sides,  both  by  the  water  and 
atmosphere.  The  atmosphere  exerted  its  pressure  on  it 
by  the  intervention  of  the  water  ;  which  being,  to  all  sense, 
a  perfect  fluid,  propagates  every  external  pressure  undi- 
minished. When  the  piston  is  drawn  up  above  the  sur- 
face of  the  pit-water,  the  atmosphere  continues  to  press  on 
its  upper  surface  with  its  whole  weight,  tlirough  Uk 
ition  of  the  water  which  lies  above  it ;  and  its  |m 
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must  Uierefore  be  added  to  that  of  the  incuinbeQl  wi 
It  abo  continues  to  press  on  the  under  $nr(iux  of  the 
hy  the  intervention  of  the  water ;  that  ib^  it  piiMu  thk 
wau'r  to  the  piston.  But,  in  doing  this^  it  ciirric«  (be 
weight  of  this  water  which  it  is  pressing  on  the  piston.  The 
pressure  on  the  piston  therefore  b  only  the  excvat  of  the 
whole  pressure  of  the  atmosphere  above  the  wogbiof  the 
column  of  water  which  it  is  supporting.  Thcrefim  the 
difference  o(  atmospheric  pressure  on  the  upper  and  uodff^ 
surfaces  of  the  piston  is  precisely  equal  to  the  weigfal 
the  column  of  water  stipported  in  the  pipe  hy  the  «ir 
It  is  not,  however,  the  individual  weight  of  this  column 
timt  loads  the  piston  ;  it  is  the  port  of  the  pressure  of  the 
atmosphere  on  its  upper  surface,  which  is  not  KaUnc^  by 
its  pressure  on  the  under  surface. 

In  aitempting  therefore  to  draw  up  the  piston,  we  have 
to  surmount  this  unbalanced  part  of  die  preasurr  of  the  at- 
mosphere, and  also  the  weight  of  the  water  wltich  lies 
above  the  piston,  and  must  be  lifted  by  it :  and  thus  tlia 
whole  opposing  pressure  is  the  same  as  before,  namely^  th^ 
weight  of  the  whole  vertical  pillar  reaching  from  the  sum 
face  of  tiie  water  in  the  cistern  to  tiie  place  of  dcUveiy. 
Part  of  this  weight  is  immediately  carried  by  tlw  piraarart 
of  tlie  atmosphere ;  but,  in  lieu  of  it,  there  b  an  K|uat 
part  of  ibis  pressure  of  the  atmosphere  abstracted  from  the 
under  surface  of  the  piston,  while  its  upper  surface  su»tain& 
its  whole  pressure. 

So  fiir,  then,  the^  two  slates  of  the  pump  agroc^—But 
they  dilTer  exceedingly  in  their  mode  of  operation ;  aid 
there  are  some  circumstances  not  very  obvious  wliifh  nul 
be  attended  to,  in  order  that  the  pump  may  drhvcr  ta^i 
water  at  the  spout  D.  This  recjuires,  therefore^  a  aeriotts 
examination. 

Let  the  fixed  valve  G  (Fig-  ^)  be  supposed  at  the  mt- 
face  of  the  cistern  water.  Let  M  v»  be  the  lowest,  and 
N  n  the  highest,  positions  of  the  pivtont  4nd  let  UA;:=A  be 
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the  height  of  a  column  of  water  «iuiponilerant  witli  the  «t- 

osphere. 

"When  the  pump  is  filled,  not  with  water  but  with  air, 

and  the  pistou  is  in  its  lowest  position,  and  all  in  equihbrto^ 

the  internal  air  has  the  samedeusity  and  elaaticitj  with  the 

external.     The  space  MAflfn,  therefore,  contains  air  of 

the  common  density  and  elasticiiy.     These  may  be  mea^ 

surcd  bj  hf  or  the  weight  of.  a  column  of  water  whose 

height  is  h.     Now,  let  the  piston  be  drawn  up  to  N  fi. 

The  air  which  occupied  the  space  MAa  m  now  occupies 

•  •, .  1  •       .      .      -  MXam      - 

the  space  NAan,  and  its  density  is  now  VA~  '   ' 

elasticity  is  now  dimini&licd,  being  proportionable  to  its 
density  (see  Pneumatics),  and  no  lunger  balances  the 
pressure  of  the  atmosphere.  The  valve  G  will  therefore  be 
forced  up  by  the  water,  which  will  rise  to  some  height  SA. 
Now  let  the  piston  again  descend  to  M  m.  It  cannot  do 
this  with  its  valve  shut ;  for,  when  it  comes  down  so  far  ais 
to  reduce  the  air  again  to  its  common  density,  it  is  not  yet 
at  M,  because  the  space  below  it  has  been  diminished  by 
the  water  which  got  into  the  pipe,  and  is  retained  tJiere  by 
the  valve  G.  The  piston  valve  tlierefore  opens  by  the  air 
which  we  thus  attempt  to  compress,  and  the  superfluous 
a'u:  escapes.  When  the  piston  has  got  to  M,  the  air  is 
again  of  the  common  density,and  occupies  t}ie  space  MS«m. 
Now  draw  die  piston  up  to  N.  This  air  will  expand  into 
the  space  NSin,  and  its  density    will  l>e  reduced   to 

=rw^ — -  ,  and  its  elasticity  will  no  longer  balance  the  pre*. 

sure  of  the  atmosphere,  and  more  water  will  enter,  and  it 
will  rise  higher.  This  will  go  on  continually.  But  it  may 
liappen  that  the  water  will  never  rise  so  high  as  to  reach 
e  piston,  even  though  not  33  feet  above  the  water  in  the 
cistern  :  for  the  successive  diminutions  of  density  and  elas- 
icity  are  a  series  of  quantities  that  decrease  geometrically. 
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aad  therefore  will  have  a  limiL    Let  us  tee  whal 
mines  tbia  limit. 

At  whatever  height  Uic  water  stands  in  the  lower  pm d 
the  pipe,  tlic  weight  of  the  oolumn  c^  water  5  A  a  »%  Uye- 
ther  with  the  remaining  elasticity  ol*  the  air  abova  it,  ts- 
actly  balances  the  pressure  of  the  atmoBplweB  (see  P^raif- 
MATics).     Now  the  elasticity  of  the  air  in  the  ipMce  NSttt 

19  equal  to  /t  X  vto •     Therefore-  in  the  case  where  ihp 

^  NS  «  » 

limit  obtains,  and  the  water  rises  no  farther,  we  most  haw 
MS  9  m 


h  =  AS  +  h 


NS«»' 


or  because  the  column  ia  of  the  ww 


MS  MS 

diameter  througfaouty  A  ^  AS  +  A  -j^^  and  -^^^  h  «= 

A— AS,  =HS,  andNS:MS  =  HA:HS,  and  NS- 
MS:NS  =  HA  — HS:HA,  or  NM:NS  =  A6:AH. 
and  NM  X  AH  =  NS  X  AS.— Therefore,  if  AN.  the  d». 
tance  of  the  piston  in  its  highest  position  from  the  waurin 
the  cistern,  and  NM  the  Icugth  of  its  stroke,  be  gbrcOy 
there  is  a  certain  determined  heigJit  AS  to  whicii  the  wi^ 
ter  can  be  raised  by  the  pressure  of  the  air  i  fbr  AU  n  a 
constant  quantit J  ;  and  therefore  when  MN  ic  girco,  iha 
rectangle  ASxSN  is  given.  If  this  hdght  AS  be  Icbi  tbu 
tliat  of  the  piston  in  its  lowest  position,  the  pump  will  raise 
no  water,  although  AN  may  be  less  than  AH.  Yet  the 
6ame  pump  will  raise  water  very  efFectually,  if  it  be  firft  of 
all  filled  with  water ;  and  we  hare  seen  profesaooal  cngi* 
neers  much  puzzled  by  this  capricious  failure  of  their 
pumps.  A  little  knowledge  of  the  principles  would  hare 
prevented  tljeir  disappointment. 

To  insure  the  delivery  of  water  by  the  pumpi  the  stmke 
must  be  such  that  the  rectangle  MNxAH  may  be  grutcr 
than  any  rectangle  that  can  be  made  tiC  tlie  parts  AN« 
is,  greaU'r  than  the  square  of  half  AN.  Or,  if  the 
oi^  the  stroke  be  already  fixed  by  otlicr  carciniistancq> 
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vhich  is  a  common  catet  we  must  make  AN  so  abort  Uiat 
the  square  of  its  half,  measured  in  feet,  shall  be  less  lima 
33  times  the  stroke  of  the  piston. 

Suppose  that  the  fixed  valve,  instead  of  behig  at  the  8ur- 
fiwe  of  the  water  in  the  cistem,  is  at  S,  or  anywhere  be- 
tween S  and  A,  the  performance  of  the  pump  vili  be  the 
same  as  before  t  but  if  it  be  placed  anywhere  above  Sy  it 
will  be  very  di^reot.  Let  it  be  at  T.  It  i^  plain  tliat 
when  die  piston  i.s  putihed  down  from  N  to  M,  (lie  valve  at 
T  prevents  any  air  from  getting  down ;  and  Lborefore, 
when  the  piston  is  drawn  up  again,  the  air  contained  in 
the  space  MTtm  will  expand  into  the  space  NT  i  n,  and 

its  density  will  be  ■j^rp-.     This  is  less  than  -iri^-»    which 

expresses  Lbtj  density  of  tlie  air  wliich  was  left  in  the  space 
TS  *  t  by  die  former  opcratioDb. — The  air,  therefore,  in 
T5  s  t  will  also  expand,  will  open  the  valve,  and  now  the 
water  will  rise  above  S.  The  proportion  of  NS  to  NT 
may  evidendy  be  such  that  die  water  will  even  get  above 
the  valve  T.  This  diminislies  the  space  NT  tn ;  and 
therefore,  when  the  piston  has  been  pushed  down  to  M, 
and  again  drawn  up  to  N,  the  air  will  be  still  more  rare- 
fied* and  the  water  will  rise  still  higher.  The  foregoing 
reasoning,  however,  is  siiificient  to  show  that  dicre  may  still 
be  a  height  which  die  water  will  not  pass,  and  that  this 
hcigfit  depends  on  the  proportion  between  the  stroke  of  the 
piston  and  its  distance  from  the  water  in  die  cistern.  We 
need  not  give  the  delermintition,  because  it  will  come  in 
afterwards  in  combination  with  other  circumstances.  It  is 
enough  that  the  reader  sees  the  physical  causes  of  this  li- 
mitaUun  :  and,  lastly,  we  see  plainly  that  the  utmost  secu- 
rity will  be  given  for  the  performance  of  the  pump,  when  the 
fixed  valve  is  so  placed  diat  the  piston,  when  in  its  lowest 
position,  shall  come  into  contact  with  it.  In  diis  case,  the 
rarctoctiou  of  the  air  will  be  the  coinplelesl  possible;  and 
if  there  were  no  space  left  bttwceu  the  pibUm  and  \alv<%. 
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nnd  all  were  perfectly  air-tight,  tbe  rarefACiiAa  wooU  b 

complete,  and  the  valve  might  be  anj  thing  less 
feet  from  the  surface  of  the  water  in  the  aatbem. 

But  this  perfect  contact  and  tightnctf  it  lOlBltaiMilkri 
and  though  the  pump  may  be  full  ofwater*  its  mntiniwl 
downward  pressure  causes  it  to  filtrate  slowly 
every  crevice,  and  the  air  enters  through  every  pan, 
even  disengages  itself  Crom  the  water,  will)  which  ■ 
derable  portion  had  been  cheroicaUy 
pump  by  this  means  loses  water,  and  it 
strokes  of  brisk  working  to  fill  it  again :  and  if  the  k«tbo» 
have  become  dry,  so  much  admission  may  be  given  to  lit 
air,  that  the  pump  will  not  liU  itself  witJi  water  by  any 
tcorkifig".  It  Ls  then  necessary  to  pour  water  into  it,  which 
shuts  up  these  passages,  and  soon  sets  oil  to  rights  ^^iin. 
For  these  reasons,  it  is  always  prudent  to  place  the  find 
valve  as  low  as  other  circumstuncea  will  peniui«  and  to 
make  the  piston-rod  of  such  a  length,  that  when  it  »  at  thi 
bottom  of  its  stroke  it  shall  be  almost  in  contact  vrili 
valve.  When  we  are  not  limited  by  other  circumi 
it  is  evident  that  the  best  possible  form  is  to  hove 
piston  and  the  fixed  valve  under  the  surface  o£  the  wiur 
of  the  cistern.  In  this  situation  they  are  always  wet 
air-tight.  The  chief  objection  is,  thai  by  this 
they  are  not  easily  come  at  when  reeding  rcptur.  Thtiil 
a  material  objection  in  deep  mines.  In  ^rh  situtioiMi 
therefore,  we  must  make  the  best  compcnsatioa  of  diflSscnt 
circumstances  that  we  can.  It  is  usual  to  p  jce  the  fixed 
valve  at  a  moderate  distance  from  the  surface  oi  the  water, 
and  to  have  a  hole  in  the  side  of  the  pipt',  by  wliich  it  may 
be  got  out.  This  is  carefully  sliut  up  by  a  plate  finsly 
acrewed  on,  with  leather  or  cement  between  tlie  porta. 
This  is  called  the  dock  door.  It  would,  in  ev«*ry  taae,  bt 
yery  proper  to  have  a  fixed  valve  in  the  lo>vi*r  end  of  the 
pipe.  This  would  combine  all  advantages.  Being  a2«ra>» 
tight,  ibe  pipe  vu<n\\«\  t«^w  \1\^  ««.ter^  and  it  would  leavc 
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to  the  Talve  above  it  hs  fuU  effect  of  increaang  the  rare- 
fitction.  A  similar  hate  is  m«de  ia  the  working  barrel,  a 
little  aboTe  the  highest  position  of  the  piston.  When  this 
needs  repair,  it  can  be  got  at  through  this  bole,  without 
tJje  immense  trouble  of  drawing  up  the  whole  rods. 

Thu»  we  have  conducted  the  reader,  step  by  step,  from 
the  Hrtjplest  form  of  the  purap  to  Uiat  which  long  experi- 
cnee  has  at  last  selected  as  the  most  generally  convenient 
This  we  shall  now  descrilie  in  some  detail. 

The  Sucking-Pump  consists  of  two  pipes  DCCD, 
BAAB  (Fig.  5.),  of  wiiich  tlic  former  is  called  the  Barrel 
or  the  Work'ing'Barreif  and  the  other  is  called  the  Suefion- 
Pipe,  and  is  commonly  of  a  smaller  diameler.^These  are 
joined  by  means  of  stanches  E,  F,  pierced  with  holes  to 
receive  screwed  bolts.  A  ring  of  leather,  or  of  lead,  co- 
vered with  a  proper  cement,  is  put  between  them ;  which, 
being  strongly  compressed  by  the  screw-bolts,  renders  the 
joint  perfectly  air-tight.  The  lower  end  A  of  the  suction- 
pipe  is  commonly  spread  out  a  little  to  facilitate  the  entry 
of  the  water,  and  frequently  has  a  grating  across  it  at  AA 
to  keep  out  fiJth  or  gravel.  This  is  iniinerged  in  the  stand- 
ing water  YZ.  The  working-barrel  is  cylindrical,  as  even- 
ly and  smoothly  bored  as  possible,  that  the  piston  may  fill 
it  exactly  through  its  whole  length,  and  move  along  it 
writh  as  little  friction  as  may  be  consistent  with  mr-tight- 
ness. 

The  pistob  L«  a  sort  of  truncated  cone  OPKL,  generally 
made  of  wod^  "oi  apt  to  split,  such  as  elm  or  beech.  The 
small  end  of  ■•)  is  v-ut  ofl'at  the  sides,  so  as  to  form  a  sort 
of  arch  OQP,  h^  ^vhich  it  is  fastened  to  the  iron  rod  or 

•r.  It  is  exhl)i  tted  in  different  positions  in  Figs.  6,  7, 
'liich  will  give  a  ni  ore  distinct  notion  of  it  than  any  de- 
scription. The  iwo^^nds  of  the  conical  part  may  be  hooped 
with  brass.  This  cone  has  its  larger  end  surrounded  with 
a  ring  ot  ]>and  of  stnmg  leather  fflstened  with  nails,  or 
a  copper  hoop,  which  if*  driven  on  it  at  the  smaller  cntt^' 
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This  band  should  reach  to  some  disUfUie  beyood  tht  btie 
of  the  cone ;  the  farther  the  better :  and  tbe  whole  ismK 
be  of  unifbrm  thicknesR  all  round,  so  aa  to  suffer  eqoil 
compression  between  the  cone  and  tJie  working-bttrreL  TIm 
seam  or  joint  of  the  two  ends  of  tills  band  mnsC  be  inid« 
very  close,  but  not  sewed  or  stitched  together.  Thk  would 
oocAsion  bumps  or  inequalities,  whicJi  would  spoil  it»  tight- 
ness ;  and  no  harm  can  result  from  tlic  want  of  it,  becmac 
the  two  edges  will  be  squeezed  close  together  by  the  com- 
pression in  tbe  barrel.  It  is  by  no  means  necessary  ths^ 
this  compression  be  great.  Tlus  is  a  very  detrimental  «- 
rorofthc  pump-makers.  It  occasions  monnous  fhctioo^ 
and  destroys  the  very  purpose  which  they  have  tn  »"ie»i 
viz.  renderinf^  the  piston  air-tight ;  for  it  causes  the  leslb<?r 
to  wear  through  very  soon  at  the  edge  oi"  the  cone,  ond  it 
also  wears  the  working-barrel.  This  very  eoon  bcconws 
wide  in  that  part  which  is  continually  passed  over  by  tb« 
piston,  while  the  mouth  remains  of  its  original  diamctrr, 
and  it  becomes  impossible  to  thrust  in  a  piston  which  >ball 
completely  fill  the  worn  part.  Now,  a  very  moilcrsle  prtt- 
sure  is  sufficient  for  rendering  xhv  pump  perfectly  U^U 
and  a  piece  of  glove  leatlier  would  be  sutficicat  for  tht)  pur- 
pose, if  loose  or  detached  from  the  solid  cone ;  for  tup- 
pose  such  a  loose  and  flexible,  but  im|>crvious,  band  of  le^ 
ther  put  round  the  piston,  and  put  into  the  bar'  '  -^  Ux 
it  even  be  supj)oscd  ihut  tlie  cone  docs  not  <-     .  .^  id 

the  smallest  degree  to  its  internal  surface.— Poor  a  &tlk 
water  carefully  into  the  inside*  of  this  sort  of  cup  or  disb, 
it  will  cause  il  to  swell  out  a  little,  and  apply  il&elf  close  V» 
the  barrel  all  round,  and  even  adjust  itself  to  all  its  ink 
qualities.     Let  us  suppose  it  to  touch  the  barrel  in  a  ring 

of  an  inch  broad  all  round.     We  can  easily  r  *     t!i« 

force  with  which   it  is  pressed.     It  is  half  lh«  -fa 

ring  of  water  an  inch  deep  and  an  inch  broad.  This  is  s 
trifle,  and  the  friction  occasioned  by   it  not  v-  ird- 

ing;  yet  this  trifling  pressure  is  sufKcient  tn  i 
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Mge  perfectly  impervious,  even  by  ihc  most  enormous  pres- 
sure of  a  high  column  of  incumbent  water :  for  let  this 
pressure  be  ever  so  great,  the  pressure  by  which  the  lea- 
ther adheres  to  the  barrel  always  exceeds  it,  because  the 
incumbent  fluid  has  no  preponderating  power  by  which  it 
can  force  its  way  between  them,  and  it  must  insinuate  it- 
self precisely  so  far,  that  its  pressure  on  the  inside  of  the 
leather  shall  still  exceed^  and  only  exceed,  the  pressure  by 
which  it  endeavours  to  insinuate  itself;  and  thus  the  pis- 
ton becomes  perfectly  tight  with  the  smallest  possible  fnc- 
tioo.  This  reasoning  is  perhaps  too  rcBncd  for  the  unin- 
structcd  artist,  and  probably  will  not  persuade  him.  To 
such  wc  would  recommend  an  examination  of  the  pistons 
and  valves  contrived  and  executed  by  that  artist,  whose 
skill  far  surpasses  our  highest  conceptions,  the  all-wise 
Creator  of  this  world.  The  valves  which  shut  up  the  pas- 
sages  of  the  veins,  and  this  in  places  where  an  extravasa- 
tion would  be  followed  by  instant  death,  are  cups  of  thin 
membrane,  which  adhere  to  the  sides  of  the  channel  about 
half  way  round,  and  arc  detached  in  the  rest  of  their  cir- 
cumference. When  the  blood  comes  in  the  opposite  direc- 
tion, it  pushes  the  membrane  aside,  and  has  a  passage  per- 
fectly free.  But  a  stagnation  of  motion  allows  the  lone  of 
the  muscular  (])crhap»)  titcinbrane,  to  restore  it  to  its  natural 
shape,  and  the  least  motion  in  the  opposite  direction  causes 
it  instantly  to  clap  close  to  the  sides  of  the  vein,  and  then 
no  pressure  whatever  can  force  a  passage.  We  shall  recur 
to  this  again,  when  dtscribing  the  various  contrivances  of 
valves,  &c.  What  we  have  said  is  enough  for  supporting 
our  directions  for  constructing  a  tight  piston.  But  we  re- 
commended thick  and  strong  leather,  while  our  present  rea- 
soning seems  to  render  thin  leather  preferable.  If  the  lea- 
ther be  thin,  and  the  solid  piston  in  any  part  does  not  press 
it  gently  lo  the  barrel,  there  will  be  in  this  part  an  unba- 
lanced pressure  of  the  incumbent  column  of  water,  which 
would  instantly  burst  even  a  strong  leather  l>ag;  but  when 
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tlie  sulid  pibioo,  covered  with  leather,  ttxactly  fiUa  the  b»- 
rel,  aud  is  even  prcs3ed  a  little  to  it,  there  is  no  ffucb  rvki 
and  now  that  part  of  the  leathepband  whtcfa  reached  be* 
yond  the  solid  piston  performs  its  office  in  the  comfit 
manner.  We  do  not  beiutate,  thorcfoce,  to 
this  form  of  a  pist<m,  whidi  is  tlie  most  cornmon  wti 
pie  of  all,  as  preferal)le,  when  well  exccuUKl.  to  moyof  iboie 
more  artiHcia],  and  frequently  very  ingenitiufl,  ooi 
lions,  which  we  have  met  with  in  tlie  works  of  the  firrt 
gineers.  To  ptrooced,  then,  with  our  d«scripciaQ  of  the 
&ucking-puiup. 

At  the  joining  of  the  working-hartc 
pipe,  there  is  a  hole  H,  covered  with  a  valve  ^  >  < 
wardS'  This  hole  H  is  eiilicr  made  in  a  plate  wliich 
a  part  of  the  suction-pipe,  being  cast  along  witb  it,  or  il  is 
niade  in  a  separate  plate.  This  last  is  tlie  rooftt  coovenieat, 
being  eiuiily  removed  and  replaced.  Dificreni  tipwb  mm 
o^ven  of  this  valve  in  Fig.  8,  9,  10.  The  diameter  £F 
(Fig.  10.)  of  this  plate  is  the  same  witli  that  oftheflanehp 
cs,  and  it  has  holes  corresponding  to  ihem,  tbrottgh  wlach 
their  bolts  pass  which  keep  all  together.  A  ring  of  tlndk 
leather  NKL  is  applied  to  this  plate,  having  a  put  cut  out 
between  N  and  L,  to  make  room  for  another  pieoe  of 
strong  leather  NR  (Fig.  9.)  which  composes  the  ralfc. 
The  circular  part  of  this  valve  is  broader  than  the  bote  is 
the  middle  of  Fig.  10.  but  not  quite  so  broad  as  to  fill 
up  the  inside  of  the  ring  of  leather  OQP  of  this  Fig^  vhidi 
is  the  same  with  GKI  of  Fig  10.  The  middle  of  this 
leather  valve  is  strengthened  by  two  brass  (not  iron)  pUtca* 
the  uppermost  of  which  is  seen  at  11  of  Fig.  !> :  thu  aoc 
its  under  side  is  a  little  smaller  thun  the  Ikole  m  the 
plate,  tliat  it  may  go  ireely  in  ;  and  the  upper  phile  R 
hvger  than  tliis  liole,  that  it  may  con  :'u>  leather  to 

its  brim  ail  round.  It  is  evident,  thai  :.  .i>5  platr  with 
its  leathers  is  put  between  the  joint  flanchcs,  and  all  is 
screwed  together^  the  tail  of  leather  N  of  Fig,  9.  will  ba 
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eomprfssed  between  the  |dates»  and  fonn  a  hinge,  on  which 
the  valve  can  tum^  riskig  and  tkUiiig.  Thei*e  vi  a  MiuiUr 
valve  fastened  to  the  upper  aide,  or  broadest  base  of  the 
piston.  Tlus  description  serves  fur  both  valves,  and  in  go- 
neral  for  most  valves  which  are  to  be  found  in  any  purls  of 
a  pump. 

The  reader  will  now  understand,  without  any  repetition, 
the  process  of  the  whole  operation  of  a  sucking-pump.  The 
piaton  rarefies  ttie  air  in  the  working-barrel,  and  that  in 
the  suction-pipe  expands  through  the  valve  into  the  barrel ; 
and  being  no  longer  a  balance  for  tlie  atmospheric  pressure^ 
the  water  rises  into  the  suction-pipe;  another  stroke  of 
the  piston  produces  a  similar  effect,  and  the  water  rises 
farther,  but  by  a  smaller  step  than  by  the  preceding  stroke! 
by  repeating  the  strokes  of  the  piston,  the  water  gets  into 
tlie  barrel ;  and  when  the  piston  is  now  pushed  down 
through  it,  it  gets  above  the  piston,  and  must  now  be  liiV 
ed  up  to  any  height.  The  suction-pipe  is  oonimonly  of 
amaller  size  than  the  working-barrel,  fur  the  sake  of  econo> 
my.  It  is  not  necessary  that  it  be  so  wide :  but  it  nmy  be, 
and  of\en  is,  made  too  small.  It  should  be  of  such  a  sbe, 
that  the  pressure  of  the  atmosphere  may  be  able  to  fill  the 
barrel  with  water  as  fast  as  the  piston  rises.  If  a  void  is 
left  below  the  piston,  it  is  evident  that  U>e  piston  must  be 
carrying  the  whole  weight  of  the  atmosphere,  beskles  the 
water  which  is  lying  above  it.  Nay,  if  the  [lipc  be  only  sty 
wide,  tliAt  the  barrel  shall  fill  prerisely  as  fast  as  the  piston 
rises,  it  must  sustain  nil  this  pressure.  The  suction-pipo 
should  be  wider  than  this,  that  all  the  pressure  of  the  at- 
mosphere which  exceeds  the  weight  of  the  pillar  iu  the  suc- 
tion-pipe may  be  employed  in  pressing  it  on  tlie  under  sur- 
face of  tlie  piston,  and  thus  diminish  the  load.  It  cannot 
be  made  too  wide ;  and  Ux>  strict  an  economy  in  this  re- 
spect may  very  sensibly  diminish  the  performance  of  the 
pump,  and  more  than  defeat  its  own  purpose.  This  is 
most  likely  wl)en  the  suction-ptpe  is  long,  because  there  the 
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length  of  the  pillar  of  water  nearly  b&tances  the  airt  piw- 
Bure,  and  leaves  very  litUe  accelerating  force  ;  «o  ihai  «»• 
ter  will  rise  but  &iowly  even  in  the  widest  pipe.  All  dmv 
things  will  be  made  the  subjects  of  compuUitii>a  oftervank. 

It  is  plain  thattliere  will  be  limitations  to  the  rwof  tfa» 
water  in  the  suction-pipe,  Bimilar  to  what  we  found  wben 
the  whole  pump  was  an  uniform  cylinder.  Let  a  be  the 
height  of  the  fixed  valve  above  the  water  in  the  dstm: 
let  B  nnd  b  be  the  spaces  in  cubic  measure  between  thk 
valve  and  the  piston  in  its  highest  and  lowest  po«itiaMt 
and  therefore  express  the  bulks  of  the  air  which  majr  occu- 
py these  spaces  :  let  y  be  the  distance  between  the  find 
valve  and  the  water  in  the  suction-pipe,  when  it  has  attiia 
ed  it«  greatest  height  by  the  rarefaction  of  the  airobofeii: 
let  hhe  the  height  of  a  column  of  water  in  equilibrio,  with 
the  whole  pressure  of  the  atmosphere,  and  therefore  ha vio| 
its  weight  in  equilibrio  with  the  elasticity  of  coauDOQ  air: 
and  let  x  be  the  bdght  of  the  column  whoise  weight  ba- 
lances the  elasticity  of  the  air  in  the  suction-pipe,  whrn 
rarefied  as  much  as  it  can  be  by  the  action  of  the  piston, 
tlie  water  standing  at  the  height  a— y. 

Then,  because  this  elasticity,  together  with  the  coluofi 
a— _y  in  the  suction-pipe,  must  balance  the  whole  prewarc 
of  the  atmosphere,  (sec  Pneumatics),  we  niiiFt  ha>tf 
A  =  X  +  o  —  f/,  and  ^  =  a  +  «  —  /*. 

When  the  piston  was  in  its  lowest  position,  the  bulk  of 
the  air  between  it  and  the  Bxed  valve  was  ^.  Bupnae 
the  valve  kept  shut,   and  the  piston  raised   to  its  highest 

position,  the  bulk  will  be  B,  and  its  density  -s=,  and  ite 

elasticity,  or  the  height  of  the  column  whow  weight  will 

balance  it^  will  be  h  -tt.     If  the  air  in  the  suetiocspipo 

be  denser  than  this,  and  consequently  more  clastir,  it  wiD 
lift  the  valve,  and  some  will  come  in  ;  therefore,  when  ihc 
pump  ha»  Turefied  the  air  as  much  as  it  caiiy  to  Html  nooo 
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oome  in,  the  elasticity  of  the  air  in  tlie  sue 
tion-pipe  mu^t  be  the  some.     Therefore  j  =  A  ^. 


We  had  y  =  a  +  x  —  h. 


—  A,  =  a+  — g— A, 


a  — 


rherefore  ^ 
g-A. 


"  +  *  ¥ 
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Therefore  when  — « —  A  is  less  than  a,  tlic  water  will 
stop  belurc  it  reaches  the  fixed  valve,  fiut  when  a  is  less 
than  • — =r —  hj  the  water  will  get  above  the  fixed  valve,  y 

becoming  negative. 

But  it  does  not  follow  that  the  water  will  reach  tlte  pis- 
,  that  is,   will  rise  so  high  that  the  piston  will  pass 
ough  it  in  its  descent.     Things  now  come  into  the  con- 
dition of  a  pump  of  uniform  dimensions  from  top  to  bot- 
tom ;  and  this  point  will  be  determined  by  what  was  said 
when  treating  of  such  a  pump. 

There  ia  another  form  of  the  sucking  pump  which  is 
much  used  in  great  water-works,  and  is  of  equal  eflicacy 
with  the  one  now  described.  It  is  indeed  the  same  pump 
in  an  inverted  position.  It  is  represented  in  Fig.  11- 
where  ABCD  is  the  working-barrel,  immersed,  with  its 
tnouth  downwards,  in  the  water  of  the  dstem.  It  is  joined 
by  means  of  flanches  to  the  rising  pipe  or  main. 

This  usually  consists  of  two  parts.  The  first,  BEFC, 
is  bent  to  one  side,  that  it  may  give  room  for  the  iron  frames 
TXYV,  which  carries  the  ntd  NO  of  the  piston  M,  at- 
^^■ched  to  the  traverses  RS,  TOV  of  this  frame.  The 
^Mher  part,  £GHF,  is  usually  of  a  less  diameter,  and  is 
^Bontinued  to  the  place  of  delivery.  The  piston  frame 
^BlTVY  hangs  by  the  rod  Z,  at  the  arm  of  a  tever  or 
^■rorking  beam,  not  brought  into  the  figure.  The  pi»ton 
r  is  perforated  hke  the  former,  and  is  surrounded  like  it  with 
'      a  band  of  leather  in  form  of  a  taper-disli.     ft  hasi 
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K  on  its  brood  ov  upper  hue,  opening  wbrn  prcaaeii 
bcluw.     Tlie  upper  end  of  the  workiDg-bftircl  is 
with  a  hole)  covered  with   a  valve  I,  also  opennig  up- 
wards. 

Now  suppose  this  apparatus  immersed  into  xht  dtten 
till  the  water  is  above  it,  as  marked  by  Ute  line  %  J,  tod 
the  piston  drawn  up  till  it  touch  the  end  of  the  hantL 
When  the  piston  Is  allowed  tn  descend  by  its  own  wtsg^ 
the  water  rises  up  through  its  valve  K,  and  fills  the  bunL 
If  the  piston  be  now  drawn  up  by  the  moving  power  of 
the  machinery  with  which  it  is  connected^  the  vnlve  K 
shutSf  and  the  piston  pushes  the  water  before  it  tlirougJi 
the  valve  I  into  the  main  pipe  £FGU.  When  the  pbcon 
is  again  kt  down,  the  valve  I  shuts  by  its  own  weight  tod 
the  pressure  of  the  water  incumbent  on  it,  and  the  hsmi 
is  again  filled  by  the  water  of  the  cistern.  Drawing  tipthd 
pi&ton  pushes  this  water  into  the  main  pipe»  &c.  and  iboi 
the  water  is  at  lengtli  dehvercd  at  the  placse  required. 

ThivSpumpis  usually  called  the  L'tfting^pi$tap  ; 
the  amplest  of  all  in  its  principle  and  ^Mnikui.     It  needs 
no  iiurtiier  exj)Ianation  :  and  we  proceed  to  describe 

The  Foaci>^c-rcMis  represented  in  Fig.  1&     It 
sists  of  a  working  barrel  A  BCD,  n  aucti«3n-|upe  CD] 
and  a  main  or  rismg  pipe.     This  last  is  UEuolly  in  three 
joints.     The  first  GHKI  may  be  c:  na  npudctng 

part  of  the  working  barrel,  and  is  eon.  cau  is  am 

piece   with  it      The  second   IKLM    i-  juuic-d  to  it  by 
flanches^  and  tprms  tlie  etbmv  which  this  pipo  nost 
rally  have.     TIic  third  LNOM  is  properlj  the 
of  the  main,  and  is  continued  bo  the  place  of  dflliwry. 
the  joint  IK  there  is  a  hanging  valve  or  clack  8; 
tbere  is  a  valve  H  on  the  top  of  the  sudioD-pipe. 

The  piston  T^TV  b  solid,  and   is  fastened  to  a  mi 
iron  rod  which  goes  through  it,  and  is  Ex«d  by  a 
drawn  throu^  ita  end.     The  kady  of  the  piston  ia  m  nrt 
of  dvtibteoone,  witbUK  from  the  middk  tu  each  cod,  amI 
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b  covered  vrith  two  bonds  of  very  strung  lcalher>  fitted  tP 
it  in  the  manner  Already  deacnl)ed. 

The  operation  of  thi»  pump  \a  abundantly  simple.—- 
When  Ibc  piston  is  thrust  iuio  the  pump,  it  pushes  the  air 
before  it  through  the  valve  S,  tor  the  valve  R  renuuna 
shut  by  it£  own  weight.  When  it  has  reached  near  the 
bottom,  and  b  drawn  up  again,  the  air  which  filled  the 
aiUMll  bpace  between  the  piston  and  tlie  valve  S  now  ex- 
paadt  into  the  barrel ;  for  as  soon  as  the  air  begins  to  ex- 
pand, it  eeoaefi  lo  balance  the  pressure  of  the  atmosphere^ 
which  therefore  shuts  the  valve  S.  By  the  expansion  of 
the  air  in  the  barrel  the  equilibrium  at  the  valve  R  is  de» 
stroyed,  and  the  air  in  the  suction-pipe  hfts  the  valve, 
and  eatponda  into  the  barrel ;  consequently  it  ceases  to  be 
a  balance  for  the  pressure  of  the  atmosphere,  and  the  water 
is  forced  into  the  suction-pipe.  Pushing  the  piston  down 
again  fbrccs  the  air  into  the  barrel  through  the  valve  3^ 
the  valve  R  in  the  meantime  shutting.  When  the  piston 
is  again  drawn  up,  S  shuts,  U  opens,  Hic  air  in  Uie  suction- 
pipe  dilates  anew,  and  the  water  rises  higher  io  iu  Ue- 
peaidng  tltese  operations,  the  water  gets  ut  hist  into  the 
orking  barrel,  and  is  forced  ihto  the  main  by  pushing  down 
piston,  and  is  pushed  along  to  the  place  of  debvery. 

The  ofteration  of  this  pump  is  tlierefore  twofold,  suck- 
ing and  forcing.  In  tlie  first  operation,  the  same  force 
must  be  employed  as  in  the  sucking-pump,  namely,  a  force 
equal  to  the  weight  of  a  column  of  water  bavmg  tlie  seccies 
of  the  pisu>a  for  its  base,  and  the  height  of  the  piston  above 
the  voter  in  the  cistern  ior  its  height.  It  is  for  the  sake  of 
this  part  of  tlie  opcr&don  that  the  upper  cone  is  added  to 
the  piston.  The  air  and  water  would  pass  by  the  aides  of 
the  lower  cone  while  the  pisttm  is  drawn  up ;  but  the  leo- 
ihtx  of  the  upper  cone  applies  to  the  sudacc  of  the  barrel, 
and  prevents  this.  The  ipoce  contmncd  between  the  barrel 
und  the  valve  S  is  a  great  obstructioa  to  this  port  of  the 
ofMOiboa,  booHise  this  air  cannot  be  rarefied  to  a  very 
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groat  degree.  Foar  this  reaaoo»  ^e  MiGtioo-pipe  oi  « 
forcing-pump  must  not  be  made  kmg*  It  is  not  indeed 
necessary  ;  for  by  placing  the  pump  a  fsw  fnrt  lower,  tli^ 
water  will  rise  into  it  witliout  t^fficulty,  and  the  labour  of 
suction  ifl  as  much  diminished  as  that  of  Impulfloo  if  in* 
creased.  However,  an  intelligent  artist  will  alw«y«  cwies- 
vour  to  make  this  space  between  the  valrc  S  and  (bcbsett 
place  of  tlie  piston  as  small  as  possible. 

The  power  employed  in  forcing  must  evideotJyaamoat 
the  pressure  of  the  whole  water  in  the  rising  pipe,  and  (in- 
dependent of  what  is  necessary  for  giving  the  water  the  r^ 
quired  velocity,  so  that  the  proper  quantity  per  hoar  oajr 
be  delivered)  the  piston  has  to  withstand  a  fom  equal  to 
the  weight  of  a  column  of  water  having  the  section  of  liie 
(nsion  for  its  base^  and  the  perpendicular  altitude  of  the 
l^aoe  of  delivery  above  tlie  tower  surtace  of  tJie  ptstoo  iiv 
its  heiglit.  It  is  quite  indiHerent  in  this  respect  what  ■ 
tile  diameter  of  the  rising  pipe  ;  because  the  pressure  08 
the  piston  depends  on  the  altitude  of  the  water  only,  inde- 
pendent of  its  quantity.  We  shall  even  see  tliat  a  ami 
rising  pipe  will  require  a  greater  force  to  convey  the  Wff 
along  it  to  any  given  height  or  distance. 

When  we  would  employ  a  pump  to  raiae  water  in  a 
crooked  pipe,  or  in  any  pipe  of  moderate  dimmainnsy  ifail 
form  of  pump,  or  something  equivalent,  must  be  used.  In 
bringing  up  great  quatitities  of  water  from  miners,  the  ooov- 
mon  sucking-pump  is  generally  employed,  as  really  the 
l>e8t  of  them  all :  but  it  is  the  most  expensive,  becaufle  it 
requires  the  pipe  to  be  perpendicular,  stmiglit,  and  of 
great  dimensions,  tiiat  it  may  contain  the  pistoiWYMis.  llut 
this  is  impracticable  when  the  jiipe  is  crooked- 

If  the  forcing-puntp,  constructed  in  the  maoiMr  now  de- 
scribed, be  employed,  we  cannot  use  forcera  with  inog  rada 
These  would  bend  when  pushed  down  by  their  further  t»> 
tremity.     In  this  case,  it  ia  usual  to  cmpi  ^  stMK 

and  siiiTrod,  and  lu  hang  it  by  a  chain,  auu  iuc»i  u  with  a 
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reight  superior  to  the  weight  of  WBfer  te  be  nbaed  by  h. 

The  machinery  therefore  is  employed,  not  in  forcing  Uie 
water  along  the  rising  pipe,  but  in  raising  the  weight  which 
i«  to  produce  this  effect  by  its  subsequent  descent. 

Id  this  cose,  it  would  be  much  better  to  employ  the 
Ufting-pump  of  Fig.  11.  For  as  the  load  on  the  forcers 
must  be  greater  than  the  resistances  which  it  must  sur- 
mount, the  force  exerted  by  the  machine  must  in  hkc  man- 
ner be  greater  than  this  load.  This  double  excess  would 
be  avoided  by  using  the  Uf^ng-pump. 

It  will  readily  occur  to  the  reader  that  the  quantity  of 
water  delivered  by  any  pump  will  be  in  the  joint  propor- 

n  of  the  surface  or  base  of  the  piston  and  its  veloratj ; 
for  this  measures  the  capacity  of  that  part  of  the  working- 
barrel  wJiich  the  piston  passes  over.  The  velocity  of  the 
water  in  the  conduit-pipe,  and  in  its  passage  through  every 
▼alve,  will  be  greater  or  less  than  the  velocity  of  tlie  pas- 
ton  in  the  same  proportion  that  the  area  of  the  piston 
or  working-barrel  is  greater  or  less  than  the  area  of  the 
conduit  or  valve.  For  whatever  quantity  of  water  passes 
through  any  section  of  the  working-barrel  in  a  second,  the 
same  quantity  must  go  through  any  one  of  these  passages. 
This  enables  us  to  modify  the  velocity  of  Uie  water  as  we 
please :  we  can  increase  it  to  any  degree  at  the  place  of 
deliver}'  by  diminishing  the  aperture  through  which  it 
f  provided  wc  apply  sufHcieDt  force  to  die  piston. 

It  is  evident  that  tlie  operation  of  a  pump  is  by  starts, 
and  that  the  water  in  the  main  remains  at  rest,  pressing  on 
the  valve  during  the  time  that  the  piston  is  wididrawn 
from  the  bottom  of  the  working-barrel.  It  is  in  most  cases 
desirable  to  have  this  motion  equable,  and  in  some  cases  it 
is  absolutely  necessary.     Thus,  in  the  engine  for  extin- 

ishing  fires,  the  spout  of  water  going  by  jerks  could 
ever  he  directed  witli  a  certain  aim,  and  half  of  tJie  water 
ould  be  lost  by  the  way ;  because  a  body  at  rest  cannot 

an  instant  be  put  in  rapid  motion,  and  tlic  first  portion 
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iff  every  jerk  of  water  would  have  but  a  tamll  vdDcitjr-  A 
verj  ingenious  contrivance  has  been  fallen  upon  for  obvud- 
ing  thifi  inconvenience,  and  procuiing  a  stream  ncarlv  atoa- 
ble.  We  have  not  been  able  to  disoorer  the  anlbcr.  At 
any  convenient  part  of  the  rising  pipe  beyovid  tha  taIvc  S 
there  is  annexed  a  capacious  vessel  VZ  (Fig.  18.  No  1  tad 
2.)  doae  atop,  and  of  great  strt'oglh.  When  the  «Mrli 
forced  aloi^  this  pipe,  part  of  it  gcta  into  this  vc«kI,  kaf^ 
tog  the  mr  confined  above  it^  and  it  fills  U  to  soch  a  boglit 
V,  that  the  elasticity  of  the  confined  air  balorwea  a  flolunn 
reaching  to  T,  we  shall  suppose,  in  the  rising  pipe.  The 
neixt  stroke  of  the  piston  sends  forward  more  water>  wfaidi 
would  fill  the  rising  pipe  to  some  height  ahawv  T.  Bntlikr 
pressure  of  this  additional  column  causes  socne  more  of  k 
to  go  into  the  air  ves;^],  and  compress  its  air  so  mocfa  mait 
that  its  elasticity  now  balances  a  lunger  oolunut.  Ev«y 
succeeding  stroke  of  the  piston  produces  a  lik«  eAcS.  TV 
water  rises  higher  in  the  main  )>ipe,  but  sooBie  mon  of  il 
gees  into  the  air-vessel.  At  liist  the  water  apf$$tBrt  at  tbt 
plaoe  of  delivery  ;  and  the  «r  io  the  air-Ttssd  is  now  so 
much  compressed  tliat  its  elasticity  balances  the  piiaiMiwrf 
tlie  whole  column.  The  next  stroke  of  the  pistoo  seadi 
forward  some  more  water.  If  the  diameter  of  ihttxAot 
of  the  main  be  sufficient  to  let  th«  water  flow  out  with  s 
▼elooty  equal  to  that  o^  the  piston,  it  will  so  flow  out,  r» 
ing  DO  higher,  and  producing  no  sensible  ttdcfitioa  to  iKe 
compression  in  the  air-vessel.  But  if  the  an&ce  of  the 
main  be  contracted  to  half  its  dimensions,  the  walv  sent 
forward  by  the  piston  cannot  flow  ont  in  the  time  of  the 
stroke  witliovt  a  greater  velocity,  and  therefore  a  greatar 
fbrc&  Part  of  il,  tliercfore,  goes  into  the  av-vessoi,  ani 
iiacraasos  tlie  com]>rcflsion.  When  the  f>iston  has  ended  its 
stroke^  and  no  more  water  eomcs  forward,  thd  coropraaien 
of  tlic  air  in  the  air-vessel  being  greater  than  wbaC  was  taf- 
ficient  to  balance  the  preMure  of  the  wiUttr  in  the  main 
pifie^  now  ibroes  out  eomo  of  th»  water  which  is  lyin^  bebw 
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it.  This  cannot  return  towards  the  pump,  becnusc  the 
Vfilve  S  b  now  shut.  It  therefore  goes  forward  along  the 
main,  and  produces  an  efflux  during  the  time  of  the  piston's 
ing  in  order  to  make  another  stroke.  In  order  that  this 
UK  may  bo  very  equable,  the  air-vessel  must  bo  very 
large.  If  it  be  small,  the  quantity  of  water  that  is  dift- 
charged  by  it  during  the  return  of  the  (ustoa  makes  ao 
groat  a  portion  of  its  capacity,  that  the  elasticity  of  the 
confined  air  is  too  much  diminished  by  tiiis  enlargement  of 
its  bulk,  and  the  rate  of  efflux  must  diin'miah  accordingly. 
The  capacity  of  tiie  mr-Tessel  should  be  so  great  tlint  the 
change  of  bulk  of  the  comprefised  air  during  the  inaction  oi 
the  pistoD  may  be  inconsiderable.  It  must  therefore  be 
atroQg. 
It  18  pretty  indifferent  in  what  way  this  air-vessel  is  con- 
cted  witli  the  rising  pipe.  It  may  join  ii  laterally»  as  in 
Fig.  IS.  No  I.  and  the  main  pipe  go  on  without  interrup- 
tion ;  or  it  may  be  made  to  mrrouind  an  interruption  of 
the  main  pipe,  as  in  Fig.  13,  Xo  9.  It  may  also  be  in  any 
part  of  the  main  pipe.  If  the  sole  efl'ect  intended  by  it  is 
to  produce  an  equable  jet,  as  in  ornamental  water-workt,  it 
may  be  near  the  end  of  the  main.  This  will  require  much 
less  strength,  becuu±;e  there  remains  but  a  short  column  of 
water  to  compress  the  air  in  it.  But  it  is,  on  the  whole, 
more  advantageous  to  place  it  as  near  the  pump  as  possible, 
that  it  may  produce  an  equable  motion  in  the  whole  main 
pipe.  This  is  of  considerable  advantage  ;  when  a  oihimn 
of  water  several  hundred  feet  long  is  at  rest  in  the  main 
pipe,  and  the  piston  at  one  end  of  it  put  at  once  into  mo- 
tion, even  with  a  moderate  velocity,  the  strain  on  the  pipe 
would  be  very  great.  Indeed  if  it  were  possible  to  put  the 
piston  instantaneously  into  motion  will 
strain  on  the  pipe,  lending  ?<>  ' 
finite.  But  this  seems  im|io- 
motion  which  trr  observe  are 
lies  have  some  elasticity  or  m^^ 
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to  compression.  And,  in  the  wrj  in  wbicJi 
commonly  moved,  vis.  by  cranks^  or  somcUtJi 
to  them,  the  motion  is  ver^  seTisibly  gradual.  But  still  tbt 
mr-vessel  tends  to  make  the  motion  along  the  main-jape 
1gs8  desultory,  and  therefore  dimJni&hes  diose  stnxiu  vludi 
would  really  take  place  in  tlie  main  pipe.  It  acts  fiic«  cb« 
spring  of  a  traveHing-carriagp,  whose  jolts  «re  uuxnpnr- 
obly  less  than  those  of  a  cart;  and  by  ibis  means  rcsUjf 
enables  a  given  force  to  propel  a  greater  quiuititj  of  water 
in  the  same  time 

Wc  may  here  by  the  way  observe,  that  the  attempts  of 
mechanicians  to  correct  this  unequal  motion  of  the  pbtoo- 
rod  are  misplaced,  and  if  it  could  be  done,  would  givaifj 
hurt  a  pump.  One  of  the  best  methods  of  producii^tlui 
effect  is  to  make  the  piston-rod  consist  of  two  parallel birii 
having  teeth  in  the  sides  which  front  each  other.  Let  a 
toothed  wheel  be  placed  between  them,  having  only  the 
half  of  its  circumference  furnished  with  teeth.  It  is  en- 
dent,  without  any  farther  description,  that  if  this  wheel  be 
turned  uniformly  round  its  axis,  the  piston*rod  will  be 
moved  uniformly  up  and  down  witliout  interrai&sioD.  TTw 
has  often  been  put  in  practice;  but  the  machmo  alv«y> 
went  by  jolts,  and  seldom  lasted  a  few  days.  Unskilled 
mechanicians  attributed  this  to  defect  in  the  cxccutioa  :  but 
Uie  fault  is  essential,  and  lies  in  tlie  principle. 

The  machine  could  not  perform  one  stroke,  if  the  firA 
mover  did  not  slacken  a  little,  or  llie  different  parts  of  tlie 
machine  did  not  yield  by  bending  or  by  compresctMi;  and 
no  strength  of  materials  could  withstand  lli<        '  "  ils« 

strains  at  every  rccipr(jcation  of  the  motion,     i  'f 

experienced  in  great  works  which  are  put  in  motion  by  a 
water-wheel,  or  some  other  equal  power  excrt4.*d  od  the 
mass  of  matter  of  which  the  machine  consists.  TIm;  water* 
wheel  being  of  great  weight,  uuivea  with  coOsklffraLk 
steadiness  or  uniformity ;  and  whea  au  addttkoal  ruirf- 
once  is  i>pposed  to  it  by  the  beginning  of  a  new  xtfukc  d[ 
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the  pston,  its  great  quantity  of  motion  is  but  little  affecu 
ed  by  this  addition,  and  it  proceeds  very  little  retarded  ; 
and  the  machine  must  cither  yield  a  little  by  bending  and 
compression,  or  go  to  pieces,  which  is  llie  common  event. 
Cranks  are  free  from  this  inconvenience,  because  ihey  ac- 
celerate the  piston  gradually,  and  bring  it  gradually  to 
reit,  while  the  water-wheel  moves  round  with  almost  per- 
fect unifonnity.  The  only  iiicoiivt'iiiencc  (and  it  may  be 
considerable)  attending  tliis  slow  motion  of  the  piston  at 
the  beginning  of  its  stroke  is,  that  the  valves  do  not  shut 
with  rapidity,  so  that  some  water  gets  back  tlirough  them 
But  when  they  are  properly  formed  and  loaded,  this  is  but 
tnAing. 

AVe  must  not  imagine,  that  because  the  stream  produced 
by  the  assistance  of  an  air.barrcl  is  almost  perfectly  ec|ua- 
ble,  and  because  as  much  water  runs  out  during  the  re- 
turning of  the  piston  as  during  its  acdve  stroke,  it  there- 
fore doubles  the  quantity  of  water.  No  more  water  can 
run  out  than  what  is  sent  forward  by  the  piston  during  its 
effective  stroke.  The  continued  stream  is  produced  only 
by  preventing  the  whole  of  this  water  from  being  dis- 
charged during  this  time,  and  by  providing  a  propelhng 
force  to  act  during  the  piston's  return.  Nor  dmm  it  enable 
the  moving  force  of  the  piston  to  produce  a  double  effect: 
for  the  compression  which  is  produced  in  the  air-vessel, 
more  ihatj  what  is  necessary  for  merely  balancing  ihe 
quiescent  column  of  water,  reacts  on  the  piston,  resisting 
its  compression  just  as  much  as  the  column  of  y/aicr  would 
do  which  produces  a  velocity  equal  to  that  of  the  efflux. 
Thus  if  ihe  water  is  made  to  spout  with  the  velocity  of 
dght  feet  per  second,  tliis  would  require  an  additional  co- 
lumn of  one  foot  high,  and  this  would  just  balance  tho 
compression  in  the  air-vessel,  which  maintains  this  velocity 
during  tlie  non-action  of  the  piston.  It  is^  however,  a 
matter  of  fact,  that  a  pump  furnished  with  an  air-vessel  de* 
ivers  a  little  more  water  tl)an  it  would  do  without  it.    But 
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die  difcrence  dq>cnds  on  die  combinatioii  of  iDHqr 
[dLsfiimilor  circnunsUuioes,  \rbich  it  is  cxtrcsnely  difflcak  li 
»ring  into  caJculation.  Some  of  theac  wiD  be  uwaitiJMi 
[afterwards. 

To  describe,  or  even  to  enumerate,  the  immoiar  vnwCj 
combinations  of  these  three  ample  pumps  wouJd  till  a 

ilume.     We  shall  select  a  few,  which  are  more 

notice. 

I.  The  common  sucking-pump  iaaj»  by  a 

m,  be  converted  into  a  lifting-pump,  fitl^  for 
le  water  to  any  distance  and  witli  any  velocity. 

Fig.  14.  is  a  Sucking-pump,  whose  worki; 
.CDB  has  a  lateral  pipe  AEGHF  connected  with  isdbi 
to  the  top.  This  terminates  in  n  fnain  or  ruing  pipv  IK, 
furnished  or  not  with  a  valve  L.  The  top  of  the  bsxriii 
shut  up  by  a  strong  plate  MN,  having  a  hollow  nock  tow 
minating  in  a  small  flanch.  The  piston  rod  ^H  poM 
through  this  neck,  and  is  nicely  turned  and  polisbcd.  A 
number  of  rings  of  leather  arc  put  oi'er  tbe  tod,  ad 
strongly  compressed  round  it  by  another  tlooch  azHi  anval 
screwed  bolts,  as  is  represented  at  OP.  By  this  cxmtnt- 
ance  the  rod  is  closely  grasped  by  the  leathers,  but  may  be 
easily  drawn  up  and  down,  while  all  jiassage  of  air  or  «i* 
ter  is  cfTectually  prevented. 

The  piston  S  is  perforated,  and  funiisht'd  with  a 
opening  upwards.  Tiiere  is  also  a  vnJve  T  on  the  lop 
the  suctiou-pipe  YX ;  and  it  will  be  of  advantage,  ibmgh 
not  absolutely  necessary,  to  put  a  valve  L  at  tfat  boUon  of 
the  rising  pipe.  Now  suppose  the  piston  at  th4?  btrtlocn  df 
the  working-barrel.  When  it  is  drawn  up,  it  tends  tooas- 
presa  the  air  above  it,  because  the  valve  m  the  piitoo  r^ 
mains  shut  by  its  own  weight.  The  air  therefore  isdi 
tlirough  the  valve  L  into  the  rising  pipe,  and  carape^ 
the  meantime,  tlie  air  which  occupied  tbc  small  space  bo» 
tween  the  piston  and  the  valve  T  exjiands  ioto  tbe  uppff 
part  of  tlie  workiug-barre) ;  a»d  its  eiaatidty  tc  mi  onich 


-■ 


TOMP. 


661 


dituixushed  thereby «  that  the  atmosphere  preaM6  tkt  untir 
of  the  cistern  into  the  suction-pipe,  where  it  will  riae  till  m 
equilibrium  \s  a^n  produced.  The  next  downward  ftlroke 
of  the  piston  alLowh  the  air,  which  had  conie  from  the  sue- 
tioD-pipe  into  the  barrel  during  the  ascent  of  the  piston^  to 
get  through  its  valve.  Upon  drawing  up  the  piston,  ihif 
air  is  also  drawn  ofi'  througli  the  riAing-ppe.  Repeating 
this  process  brings  the  wuWr  at  lost  into  the  working* 
barrel,  and  it  is  then  driven  along  the  rifiing-pii>e  by  tlie 
piston. 

This  is  one  of  the  be«t  forms  of  a  pump.  The  rarefiu> 
tioii  may  be  very  perfect,  because  the  piston  con  be  brought 
so  near  to  the  bottom  of  the  working- baiTel ;  and^  fur  fore* 
ing  water  in  opposition  to  great  pressures,  it  appears  pre- 
ferable to  the  common  forcing-pump;  because  in  that  the 
piston-rods  are  compressed  and  exposed  to  bending,  which 
greatly  liurts  tlic  pump  by  wearing  the  piston  and  barrel 
on  one  side.  This  soon  renders  it  less  light,  and  much 
water  squirts  out  by  Uie  sides  of  the  piston.  But  in  this 
pump  the  piston-rod  is  always  drawn  or  pulled,  which 
keeps  it  straight ;  and  rods  exert  a  much  greater  force  in 
opposition  to  a  puU  tlian  in  opposition  to  comprcMion. 
The  collar  of  leather  round  the  piston-rods  is  found  by  ex- 
perience to  need  very  little  repairs,  and  is  very  impervious 
to  water.  The  whole  is  very  aocesioble  for  repairs ;  and 
in  this  respect  much  preferal>le  to  the  common  pump  in 
deep  mines,  where  every  fault  of  the  piston  obliges  us  to 
draw  up  some  hundred  feet  of  piston-rods.  By  Uiis  addi- 
tion, too,  any  common  pump  for  the  service  of  a  house  is 
converted  into  an  engine  ibr  extinguishing  fire,  or  may  bt 
nude  to  convey  the  water  to  every  part  of  the  house ;  and 
this  without  hurting  or  obstructing  it^  common  uses.  All 
tliat  is  necessary  is  to  have  a  large  cock  on  the  upper  part 
of  the  working-barrel  opposite  to  tlie  lateral  pipe  in  this 
figure.  This  cock  serves  for  a  spout  when  the  pump  is 
U«ed  for  common  purposet} ;  and  the  merely  shutting  tliis 
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cock  converts  the  whole  into  an  ragine  for  exthigtiiihai 
fire,  or  for  supplying  distant  places  with  water.  It  n  tanh 
]y  necessary  to  add,  that  for  these  serrkea  U  will  be  pn- 
per  to  connect  an  air-vessel  wiUi  some  comremetu  parti^ 
the  rising-ppe,  tn  order  that  the  current  of  the  water  imt 
be  continual. 

We  have  frequently  spoken  of  the  advantiigeaofaooa- 
tinned  current  in  the  main  pipe.  In  all  great  woriu  a  coB- 
siderablc  degree  of  uniformity  is  produced  by  the  WMam 
of  disposing  llie  anions  of  the  ditfcrent  pumps;  foritSi 
very  rarely  that  a  machine  works  but  one  pump.  In  unkr 
to  muntain  some  unifornuty  in  the  resistance,  that  it  nuij 
not  all  be  opposed  at  once  to  the  moving  power,  intii  in- 
tervals of  total  inaction,  wliich  would  produce  a  vcrj  hob- 
bling motion,  it  is  usual  to  distribute  the  work  siiio  por- 
tions which  succeed  alternately ;  and  thus  both  dhmiuk 
the  strain,  and  give  greater  unifomiity  of  acttoo^  nod  Afr 
quently  enable  a  natural  power  which  we  can  mmmanJtlP 
perform  a  piece  of  work,  which  would  be  irapoaaUe  if  ik 
whole  resistance  were  opposed  at  once.  In  all  pump  m* 
chines  therefore  we  arc  obviously  directed  to 
them  so  that  they  may  give  motion  to  at  least  two 
which  work  alternately,  tiy  diifl  moons  a  cnudi  gnt^ 
tmiformity  of  current  is  pn)duccd  in  the  main  pipe  U 
will  be  rendered  stilt  more  uniform  if  four  are  emptujfd, 
succeeding  each  other  at  the  interval  of  one  quarter  of  tkt 
time  of  a  complete  stroke. 

But  ingenioui*  men  have  attenipt<xl  the  smnt-  :liii ::  wiih 
A  single  pump,  and  many  djflerenl  construction^  it »r  i[ti^  pur- 
pose have  been  proposed  and  executed.  The  thing  b  not 
of  much  importance,  nor  of  great  research.  Wc  shall  can^ 
tent  ourselves  therefore  with  tiie  description  of  ooe  that  «p> 
pears  to  us  the  most  perfect  both  in  respect  nf  ampfidty 
and  effect. 

II.  It  consists  of  a  working-barrel  Al3  (i'tg 
at  both  ends.     The  piston  C  la  »o!i'T.    and 
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trough  a  collar  of  leathers  in  the  plate,  which  closes 
the  upper  end  of  the  working-barreL  This  barrel  com- 
municates laterally  with  two  pipes  H,  K ;  the  communi- 
cations m  and  n  being  as  near  to  the  top  and  bottom  of  the 
barrel  as  possible.  Adjoining  to  the  passage  m  are  two 
valves  F  and  G  opening  upwards.  Similar  valves  accom- 
pany the  jmssage  n.  The  two  pipes  H  and  K  unite  in  a 
larger  rising  pipe  L.  They  are  all  represented  as  in  the 
same  plane ;  but  the  upper  ends  must  be  be  sent  backwards, 
lo  give  room  for  the  motion  of  the  piston-rod  OP, 

Suppose  die  piston  close  to  the  entry  of  the  lateral  pipe 
n,  and  that  it  is  drawn  up,  it  compresses  the  air  above  it, 
and  drives  it  throughtlic  valve  G,  where  it  escapes  along 
the  rising  pipe ;  at  the  same  time  it  rare^es  the  air  in  Uie 
^Mbce  below  it.     Therefore  the  weight  of  the  atmosphere 
^uts  the  valve  £,  and  causes  the  water  of  the  cistern  to 
rise  through  the  valve  D,  and  fill  the  lower  part  of  the 
pump.    When  the  piston  is  pushed  down  again,  this  water 
is  first  driven  through  the  valve  E,  because  D  immediate- 
ly shuts  ;  and  then  most  of  the  cur  which  was  in  this  part 
of  the  pump  at  the  beginning  goes  up  through  it,  some  of 
the  Wtiter  coming  back  in  its  stead.     In  the  mcnntime,  the 
air  which  remained  in  the  upper  part  of  the  pump  after  the 
ascent  of  the  piston  is  rarefied  by  its  descent ;  because  the 
valve  G  shuts  as  soon  as  the  piston  begins  to  descend,  the 
valve  F  opens,  the  air  in  this  suction-pipe  Fy expands  in- 
to the  barrel,  and  the  water  rises  into  the  pipes  by  the  prei^ 
sure  of  the  atmosphere.     The  next  rise  of  the  piston  must 
bring  more  water  into  the  lower  |5art  of  the  barrel,  and 
must  drive  a  litde  more  mr  through  the  valve  G,  namely, 
part  of  that  which  had  come  out  of  ll»e  suction-pipe  Fy*; 
and  the  next  descent  of  the  piston  must  drive  more  water 
into  the  ri^ng  pijje  H,  and  along  with  it  most  if  not  all  of 
the  air  which  remained  below  the  piston,  and  must  rarefy 
tUn  more  the  air  remsuning  above  the  piston  ;  and  more 

tr  will  come  in  througli  the  pipe  FJ]  and  get  into  the 
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tMird.  It  is  evident  that  a  few  repetiiionfl  will  M  tiM  Q 
ilw  barrel  on  boUi  sides  of  tho  ptsioo  with  wat«r.  Wm 
thb  is  accompliahed,  iliere  is  no  difficulty  in  pccmii^g 
howy  at  every  rise  of  the  piston,  the  wat^r  of  the 
will  oome  in  by  the  vaIvc  D,  and  tlse  water  ta  die 
pari  of  the  barrel  will  bo  driven  through  tlw  vWw  Gt 
and,  in  evory  descent  of  tJie  p'tston>  the  water  of  the  ctrtflU 
will  come  into  the  barrel  by  the  valve  F,  4and  tlM  w»ut  be- 
low the  piston  will  be  driven  through  the  valve  £ .  ood 
thus  there  will  he  a  continual  influx  into  the  barrvl  UmMi|ii 
the  valves  D  and  F,  and  u  continual  discharge  aloqf  tfae 
rising  pipe  L  tlirough  ihe  valves  K  aud  G. 

This  machine  is,  to  be  sure,  equiralent  to  tvo  forrii^ 
pumpSy  although  it  luis  but  one  barrel  oxkI  ooe  piibioi 
it  has  no  sort  of  superiority.  It  is  not  even  more  ecoDoau- 
cal  in  uiust  cases  ;  because  we  apprehend  thai  the  addiM* 
al  workmanship  will  fully  compensate  for  tlie  buvd  ai 
piston  that  is  saved.  There  is  indeed  a  saving  in  tlienii 
of  the  machinery,  because  one  lever  producer  botli  ■»• 
lions.  We  cannot  therefore  say  that  it  is  infvrvv  lotw 
pumps ;  and  we  acknowledge  that  there  b  dome  ipgmst} 
in  the  contrivance. 

We  recommend  to  our  readers  the  perusal  tjf  ficUori 
JrchUccture  HydrauUqtte^  where  i»  to  be  found  a  gveaii»- 
ricty  of  combinations  and  forms  of  the  simple  pumps;  but 
we  must  caution  them  with  respect  to  bis  iheoh«6y  «hk)^ 
in  this  article  are  extremely  defective.  AUo  tn  L.cupalirt 
Theatrum  Machinarum  Ilt^drauHcarum^  tikcre  is  a  pndi- 
gious  variety  of  all  kind.s  of  pumps,  many  of  th 
singular  and  ingeniuus,  and  many  wliich  have  ptfticultf 
advantages,  which  may  suit  local  circumsLaoccs,  and  |F** 
them  a  preference.     But  it  would  be  improper  lo  sveH  jb 

article  of  this  kind  with  so  many  peculiar**- "-  >  -  juj, 

son  who  makes  himself  master  of  tiic  ]<:  ttvA 

her«  in  suiRcieni  detail,  can  be  at  no  Iom  to  anh  a 
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to  his  fxirtjcular  ^iewSy  or  to  judge  ol'  the  merit  of  such  as 
may  be  proposed  to  him. 

We  tnu&t  now  take  notice  of  eome  y&ry  considerable 
important  varieties  in  the  form  and  contrivance  of  the 
tntial  parts  of  a  pump. 

III.  The  forcing-pump  is  sometimes  of  a  very  different 
fVom  that  already  described.  Instead  of  a  ptstoo, 
which  applies  itself  to  tJie  inside  of  the  barrel,  and  slides 
up  and  down  in  it,  there  is  a  long  cylinder  POQ  (Fig.  16,) 
nicely  turned  and  polished  on  the  outside,  and  of  a  diamc- 
tfr  aomcirhat  less  than  the  inside  of  the  barrel.  This  cy- 
finder  (called  a  plunger)  slides  through  a  collar  of  leathers 
cm  the  top  of  the  working-barrel,  and  is  constructed  as  fol- 
lows: The  lop  of  the  barrel  terminates  "m  a  flancha^, 
pieroed  with  four  holes  for  receiving  acrew-bolls.  There 
are  two  rings  of  metal,  c  d,  ejl  of  the  same  diameter,  and 
having  holes  correspcmding  to  tliose  in  the  flancli.  Four 
rings  of  sort  leather,  of  the  same  size,  and  similarly  pierced 
iviih  holes,  are  well  soaked  in  a  mixture  of  oil,  tallow,  and 
A  little  rosin.  Two  of  these  leather  rings  are  laid  on  the 
pump  flanch,  and  one  of  the  metal  rings  above  them.  The 
plunger  is  then  thrust  down  through  them,  by  which  it 
turns  their  inner  edge^  downwards.  The  other  two  rings 
are  then  slippet!  on  at  the  lop  of  the  plunger,  and  the  se- 
cond metal  ring  is  put  over  them,  and  then  the  whole  are 
slid  down  tu  the  metui  ring.  By  tliis  tlic  inner  edges  uf 
tlie  last  leather  rings  are  turned  upwards.  The  three  metal 
tings  arc  now  forced  together  by  the  screwed  bolts;  and 
thns  the  leathern  rings  are  strongly  compressed  between 
Ukem,  and  inade  to  grasp  the  plunger  so  closely  that  no 
pressure  can  force  the  water  through  between.  The  upper 
met;)l  ring  ju.st  allows  the  plunger  to  pass  through  it,  but 
icithciut  any  play  ;  so  that  the  lumed-up  edges  of  the 
leathern  rings  do  not  come  up  between  the  plunger  and 
the  upper  metal  ring,  but  are  lodged  in  a  little  conical 
taper,  wliich  is  given  to  the  inner  edge  of  the  upper  plate. 
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'et  we  do  not  tind  Uiat  it  la  much  used,  AJihougli  au  la- 
vention  of  last  century  (we  think  by  Sir  Samuel  Morland), 
and  much  praised  by  the  writers  on  these  subjects. 

Ii  is  easy  to  see  that  the  sucking-pump  may  be  varied 
in  the  same  way.  Suppose  this  plunger  to  be  open  both  at 
top  and  bottom,  but  the  bottom  filled  with  a  valve  opening 
upward.  When  this  is  pushed  to  the  bottom  of  the  bar- 
rel,  the  air  which  it  tends  to  compress  liflB  tlie  valve  (the 
lateral  pipe  FIK  being  taken  away  and  the  passage  shut 
up),  and  escapes  through  the  plunger.  When  it  is  drawn 
up,  it  makes  the  same  rarefaction  as  the  solid  plunger,  be- 
cause the  valve  at  O  shuts,  and  the  water  will  come  up 
from  the  cistern  as  in  the  former  case.  If  the  plunger  be 
now  thrust  down  again,  the  valve  M  shuts,  the  valve  O  is 
forcetl  open,  and  the  plunger  is  filled  with  water.  Thia 
will  be  lifted  by  it  during  its  next  ascent;  and  when  it  is 
pushed  down  again,  the  water  which  filled  it  must  now  be 
pushed  out,  and  will  dow  over  its  sides  into  the  cistern  at 
the  head  of  the  barrel.  Instead  of  making  the  valve  at  the 
bottom  of  the  piston,  it  may  be  made  at  the  top ;  but  this 
disposition  is  much  inferior,  because  it  cannot  rarefy  the 
air  in  the  barrel  one  half.  This  is  evident ;  for  the  capa* 
city  of  the  barrel  and  plunger  together  cannot  be  twice  the 
capacity  of  the  barrel. 

I\\  It  may  be  made  after  a  still  different  form,  as  re* 
presented  in  Fig.  17.  Here  the  suction-pipe  CO  comes 
up  through  a  cistern  KMNL  deeper  or  longer  than  the 
intended  stroke  of  the  piston,  and  has  a  valve  C  at  top. 
The  piston,  or  what  acts  in  lieu  of  it,  is  a  tube  AHGB, 
open  at  both  ends,  and  of  a  diameter  somewhat  larger  than 
that  of  the  suction-pipe.  The  interval  between  them  is 
filled  up  at  HG  by  a  ring  or  belt  of  soft  leather,  which  is 
listened  to  the  o}itcr  tube,  and  moves  up  and  down  with 
itf  sliding  along  the  smootlily  polished  surface  of  the  suc- 
don-pipe  witli  very  little  friction.     There  is  a  valve  I  on 
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Om  top  oF  ihis  pislODy  opening  upwiwJa*    Wai«r  m  poiiivS 
into  the  outer  cistern. 

The  outer  cylinder  or  piston  being  tirawn  up  ircra  uk 
liottoni,  there  h  a  great  rarefaction  of  Khc  air  winch  «» 
between  them^  and  the  atmotphere  praBses  the  water  cf 
through  the  suction^ipe  to  a  certain  hcsgliL  ;  fcr  tho  fahe 
I  keeps  shut  by  the  pressure  o[  the  atukoisphcie  ind  itt 
own  weight.  Pu&liing  dona  the  piston  oiuact  th«  an; 
which  had  expanded  from  the  suctioiwpipe  into  the 
to  escape  through  the  valve  I ;  ckswin^  it  up  a 
time,  allows  tlie  atmosptiere  to  press  more  Witler  into  dbr 
suciion-pipe,  to  £11  it,  and  also  port  of  the  pbtaoi  Whsi 
thLs  is  pufthed  down  again,  ihc  water  which  had  came 
thmugh  the  valve  C  is  now  forced  out  through  tbc  nl*e  I 
kito  the  cUCem  KMNL,  and  now  the  whole  >»  fuld  of 
water*  When,  tiierefure,  the  piston  is  drawn  up,  tW 
water  Ibllaws,  and  fills  it,  if  not  33  feet  above  th«  water 
in  the  ORtem ;  and  when  it  is  pu&hed  down  again,  tli 
water  which  filled  the  piston  is  all  thrown  out  into  the  cs> 
tern ;  and  after  tiiis  it  delivers  its  fuJl  contents  of  wstcr 
every  stroke.  Tho  water  in  the  cistern  KMNLefibctaaUy 
|irevents  the  entry  of  any  air  between  the  two  pipes;  » 
th«t  a  very  moderate  oompresnon  of  the  belt  of  aod  leitbcT 
at  the  mouth  of  Uie  pi&ton  cylinder  is  sufficient  tu  ntakesfi 
perliKtly  tight. 

it  might  be  made  differently.  The  ring  of  Inthir 
might  be  fastened  round  the  top  of  the  inner  cjbndcr  at 
UE,  and  slide  on  the  inside  of  tlie  piston  cylinder;  bal 
the  first  iorm  is  niost  eafiily  executed.  Muschenbroad 
has  given  t  figure  of  this  pump  in  hi«  large  syttem  of  >■• 
turn!  philosophy,  and  ^aks  very  highly  of  its  perf« 
ance.  But  we  do  not  see  any  advantage  whicli  it 
over  the  common  sucking-pump.  He  indeed  says  that  il 
is  without  friction,  and  mokes  no  mention  of  the  ring  i>t 
leather  between  the   two  cylinder*.     Sudi  ■  pump  iti'il 


PUMF.  669 

raise  water  extremely  well  to  a  small  height,  and  it  aeems  to 
have  been  a  model  aalj  whidi  he  had  examined :  but  if 
the  Buction-ppe  is  lcmg»  it  will  by  no  means  do  without 
the  leather ;  for,  on  drawing  up  the  piston,  the  water  of 
the  upper  cistern  will  rise  between  the  pipes,  and  fill. the 
jnston,  and  none  will  oome  up  through  the  suction-pipe. 

We  may  take  this  c^ppcnrtunity  of  observing,  that  the 
many  ingenious  contiivances  of  pumps  without  Miction  are 
of  little  importance  in  great  works ;  because  the  friction 
which  is  completely  suffident  to  prevent  all  escape  of  water 
in  a  well-constructed  pump  is  but  a  very  trifling  part  of 
the  whole  fbrc&  In  the  great  pumps  which  are  used  in 
mines,  and  are  worked  by  a  steam-eng^e,  it  is  very  usual 
to  make  the  pistons  and  valves  without  any  leather  what- 
ever. The  working-barrel  is  bored  truly  cylindrical,  and 
the  piston  is  made  of  metal  of  a  size  that  will  just  pass 
along  it  without  sticking.  When  this  is  drawn  up  with 
the  velocity  competent  to  a  properly  loaded  machine,  the 
quantity  of  water  which  escapes  round  the  piston  is  in^- 
nificant.  The  piston  is  made  without  leathers,  not  to 
avoid  friction,  which  is  also  insignificant  in  such  works ; 
but  to  avoid  the  necessity  of  frequently  drawing  it  up  for 
repairs  through  such  a  length  of  pipes. 

V.  If  a  pump  absolutely  without  frictioQ  is  wanted,  the 
f<^k>wing  seems  preferable  for  simplicity  and  performance 
to  any  we  have  seen,  when  made  use  of  in  proper  situations. 
Let  NO  (Fig.  18.)  be  the  surface  of  the  water  in  the  pit, 
and  K  the  place  of  delivery.  The  pit  must  be  as  deep  in 
water  as  from  K  to  NO.  ABCD  is  a  wooden  trunk, 
round  or  square,  open  at  both  ends,  and  having  a  valve  F 
at  the  bottom.  The  top  of  this  trunk  must  be  on  a  level 
with  K,  and  has  a  small  cistern  EADF.  It  also  commu* 
nioates  laterally  with  a  rising  pipe  GHK,  furnished  with 
a  valve  at  H  opening  tkpwards.  LM  is  a  beam  of  timber 
so  fitted  to  the  trunk  as  to  fill  it  without  sticking,  and  is  of 
at  least  equd  length.     It  hangs  by  a  chain  from  a  work- 
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ing-beam,  and  is  loaded  on  the  top  with  weights 
that  of  the  column  of  water  which  it  dispUoea.  Now  fup- 
poee  this  beam  allowed  to  descend  from  the  pooitkn  n 
which  it  i«5  drawn  in  tlie  figure,  the  water  must  riie  aB 
around  it,  in  the  crevice  which  is  between  it  and  the  mnk, 
and  also  in  die  rising  pipe ;  because  the  valve  P  Atttt^  mi 
H  opens ;  so  that  when  the  plunger  haa  got  to  the  faotlum, 
the  water  wiJl  stand  at  the  level  of  K.  When  the  pluig* 
is  again  drawn  up  to  tlie  top  by  the  action  of  the  OMmog 
power,  the  water  sinks  again  in  the  trunk,  but  noi  in  tbr 
rifling  pipe,  because  it  is  slopped  by  the  valve  IT. 
allo^ring  the  plunger  to  descend  again,  the  water 
again  rise  in  the  trunk  to  the  level  of  K,  oDd  it  must  do* 
flow  out  at  K  ;  and  the  quantity  discharged  will  be  equal 
to  the  jmrt  of  the  beam  below  the  surface  of  the  pit-wotib 
deducting  the  quantity  which  fills  the  small  space  betwc 
the  beam  and  the  trunk.  This  quantity  may  be  rcdut 
almost  to  nothing ;  for  if  the  inside  of  the  trunk  and 
outside  of  the  beam  be  made  tapering,  the  beaon  may 
let  down  till  they  exacdy  fit;  and  as  this  may  be  done 
square  work,  a  good  workman  can  make  it  exceedingly 
curate.  But  in  this  cose,  the  lower  half  of  the  beun 
trunk  must  not  taper ;  and  this  part  of  the  trunk  muit 
of  sufficient  widtli  round  the  beam  to  allow  free 
into  the  rising  pipe.  Or,  which  is  better,  the  ri^mg 
must  branch  off  from  the  bottom  of  die  trunk.  A 
charge  may  be  made  from  the  cistern  EADF,  so  that 
little  water  as  possible  may  descend  along  the  trunk  wl 
the  piston  is  raised. 

One  great  cxceUencc  of  this  pump  is,  that  it  is  perfect 
free  from  all  the  deficiencies  which  in  common  pump  in- 
sult from  want  of  being  air-tight.  AnoU>er  is,  that  ibc 
quantity  of  the  water  raised  is  precisely  equal  to  the 
expended  ;  for  any  want  of  accuracy  in  the  work,  whil 
occasions  a  diminution  of  the  quanlit^f  of  water  disci 
makes  an  equal  diminution  in  the  weight  whicJl  is 
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nary  for  pushing  dowu  the  plunger.  We  have  9een  a  ma- 
chine consisting  of  two  such  pumps  suspended  from  the 
arms  of  a  long  beam,  the  upper  side  of  which  was  formed 
into  a  walk  with  a  rail  on  each  side.  A  man  stood  ou  one 
end  till  it  got  to  the  bottom,  and  then  walked  soberly  up 
to  the  other  end,  the  inclination  being  about  twenty-five 
decrees  at  fir^t,  but  gradually  dimiDishcd  as  he  went  along, 
and  changed  t)ic  load  of  the  beam,  liy  this  means  he  made 
the  other  end  go  to  tiie  bottom,  and  &o  on  alternately,  with 
the  easjeflt  of  all  exertions,  and  what  we  arc  most  fitted  for 
by  our  structure.  With  lljis  inacliine,  a  very  feeble  old 
man,  weighing  1 10  pounds,  raised  7  cubic  feet  o{  water 
11  j  feet  high  in  a  minute,  and  continued  working  8  or  10 
hours  every  day.  A  stout  young  man,  wdghing  nearly 
135  pounds,  raised  6J  to  the  same  height ;  and  when  he 
carried  30  pounds  conveniently  slung  about  him,  he  raised 
9k  feet  to  this  height,  working  10  hours  a-doy  with- 
out fatiguing  himself.  This  exceeds  Desagulier's  niaxi- 
urn  of  a  hogshead  of  water  10  feet  high  in  a  minute,  in 

he  proportion  of  9  to  7  nearly.  It  is  limited  to  very  mo- 
derate heights ;  but  in  such  situations  it  is  very  efiectuaL 
It  was  the  contrivance  of  an  untaught  labouring  man,  pos- 
sessed of  uncommon  mechanical  genius. 

VI.  The  most  ingenious  contrivance  of  a  pump  without 

fiction  is  that  of  Mr  Haskins,  de&cribcd  by  Desaguliers, 
■nd  called  by  liim  the  Qnitksilver  Pump.  Its  construc- 
tion and  mode  of  operation  are  pretty  complicated  ;  but  the 
following  preliminary  observations  will,  we  hope,  render  it 
abundantly  plain. 

Let  ilmk  (Fig.  19.)  be  a  cylindrical  iron  pipe,  about 
feet  long,  open  at  top.  Let  eghyhe  anoUier  cylinder, 
connectetl  with  it  at  the  bottom,  and  of  smaller  diameter. 
It  may  either  be  solid,  or,  if  hollow,  it  must  be  close  at 
top.  Let  <i  c  d  6  be  a  third  iron  cylinder,  of  an  interme- 
diate diameter,  so  that  it  may  move  up  and  down  between 
the  other  two  without  touching  cither,  but  with  as  little 
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interval  us  possible.  Let  this  middle  cylinder  oommunieite 
by  means  of  the  pipe  AB,  ivith  the  upright  pipe  FE,  hftv- 
ing  valves  C  and  D  (both  opening  upwardfi)  adQoimng  to 
the  pipe  of  communicatkm.  Su{^x>se  the  outer  cylinder 
suspended  by  chains  from  the  end  of  a  woriuDg-betiDy 
and  let  mercury  be  poured  into  the  internal  between  the 
three  cylinders  till  it  fills  the  epece  to  op,  about  f  cf  that 
height  Also  suppose  that  the  lower  end  of  the  pipe  F£ 
is  immersed  into  a  cistern  of  water,  and  that  the  valve  D 
is  less  than  35  feet  above  the  surface  c^  this  water. 

Now  suppose  a  perforation  made  somewhere  in  the  pipe 
AB,  and  a  communication  made  with  an  ^r-pump.  When 
the  air-pump  is  worked,  the  lur  contained  in  C£,  in  AB, 
and  in  the  space  between  the  innar  and  middle  cylinders, 
is  rarefied,  and  is  abstracted  by  the  air-pump  ;  for  the  valve 
D  immediately  shuts.  The  pressure  of  the  atmo^here 
will  cause  the  water  to  rise  in  the  pipe  CE,  and  will  cause 
the  mercury  to  rise  between  the  inner  and  middle  <^linders, 
and  sink  between  the  outer  and  middle  cyUnders.  Let  us 
suppose  mercury  12  times  heavier  than  water :  then  for 
every  foot  that  the  water  rises  in  EC,  the  level  between  the 
outside  and  inside  mercury  will  vary  an  inch  ;  and  if  we 
suppose  DE  to  be  30  feet,  then  if  we  can  rarefy  the  air  so 
as  to  raise  the  water  to  D,  the  outside  mercury  will  be  de- 
pressed to  g,  r,  and  the  inside  mercury  will  have  risen  to 
s^  ty  sg  and  tr^  being  about  SO  inches.  In  this  state  of 
things,  the  water  will  run  over  by  the  pipe  BA,  and  every 
thing  will  remain  nearly  in  this  portion.  The  columns  of 
water  and  mercury  balance  each  other,  and  balance  the 
pressure  of  the  atmosphere. 

While  things  are  in  this  state  of  equilibrium,  if  we  allow 
the  cylinders  to  descend  a  little,  the  water  will  rise  in  the  pipe 
FE,  which  we  may  now  consider  as  a  suction-pipe;  for  by 
this  motion  the  capacity  of  the  whole  is  enlarged,  and  there- 
fore the  pressure  of  the  atmosphere  will  still  keep  it  full, 
and  the  situation  of  the  mercury   will  again  be  such  that 
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V^ftl)  shall  be  in  equUibrio.     It  will  be  a  bttle  lower  in  liie 

H  inside  space  and  higher  in  the  outside 

"  Taking  tliis  view  of  things,  we  sec  clearly  how  llie  water 
U  supported  by  the  atmosphere  at  a  very  considerable 

Blieigtit.  The  apparatus  is  analogous  to  a  syphon  which 
has  one  leg  filled  with  water  and  the  other  mitb  mer- 
cury. But  it  was  not  necessary  to  employ  an  air-pump  let 
fill  it.  Suppose  it  again  empty,  and  all  the  valves  shut  by 
their  own  weight.  Let  the  cylinders  descend  a  little.  The 
capacity  of  the  spaces  below  the  valve  D  is  enlarged,  and 
therefore  the  included  air  i^  rarefied,  and   some  of  tlie  air 

B  in  the  pipe  C£  must  diffuse  itself  into  the  space  quitted 
by  the  inner  cylinder.  Therefore  tlie  atmosphere  will  press 
some  water  up  tlie  pipe  F£,  and  some  mercury  into  the 
inner  s-pace  between  the  cylinders.     ^Mien  the  cylinders 

tare  rai&ed  again,  the  air  whicJi  came  from  the  pipe  C£ 
would  return  into  it  again,  but  is  prevented  by  the  valve 
C— Raising  tlie  cylinders  to  their  former  height  would 
compress  this  air ;  it  therefore  lifbt  the  valve  D,  and  eicapea 
Another  depression  of  the  cylinders  will  have  a  nmilar  ef- 
^  feet.  The  water  will  rise  higher  in  FC,  and  tlic  mercury 
I  in  the  inner  space ;  and  then,  after  repeated  strokes,  the 
water  will  pass  the  valve  C,  and  fill  the  whole  apparattis, 
as  the  air.pump  had  caused  it  to  do  before.  The  position 
of  the  cylinders,  when  things  are  in  this  situation,  is  repre- 
sented in  Fig.  20,  the  outer  and  inner  cylinders  in  their 
lowest  position  having  descended  about  30  incijes.  The 
mercury  in  the  outer  spac<?  stands  at  qy  r,  a  little  above  Uic 
middle  of  the  cylinders,  and  the  mercury  in  the  inner  spacf 
^■is  near  the  top  ts  of  the  inner  cylinder.  Now  let  the  cy- 
linders be  drawn  up.  The  water  above  the  mercury  can- 
Inot  get  batk  again  through  the  valve  C,  which  shuts  by  its 
own  weight.  We  therefore  attempt  to  compess  it ;  but 
the  mercury  yields,  and  descends  in  tfie  inner  space^ 
and  rises  in  the  outer,  till  both  are  ()uiekly  on  u  level*, 
about  the  height  vv.   If  we  continue  to  raise  the  cylmders^. 
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the  compression  forces  out  more  mercury*  and  it  noi 

tower  iu  the  inner  than  in  the  outer  space.    Bui 

may  be  something  to  balance  this  inequality  of  the  amtu- 

rial  columns,  the  water  goes  through  the  valve  D,  and  the 

equilibrium  is  restored  when  the  height  of  the  watar  in 

pipe  ED  above  the  surface  o(  the  internal  nirr —  ' 

times  the  difference  of  the  mercurial  columtis  (' 

mer  supposition  of  speci6c  gravity).     If  the  quantity  of 

water  is  such  as  to  rise  two  feet  in  t!ie  pipe  ED,  the 

cury  iu  the  outer  space  will  be  two  inches  higher  than 

in  the  inner  space.     Another  depression  of  the  cylbcl 

will  again  enlarge  tlic  space  within  the  apparatua,  tlie 

cury  will  take  the  position  of  Fig.  19-  and  more  water 

come  io.     Haising  the  cylinders  will  send  tliis  water  four 

feet  up  the  pipe  ED,  and  the  mercury  will  be  four  iochea 

higher  in  the  inner  than  in   the  outer  space.     Repcatj] 

this  operation,  the  water  will  be  raised  still  higher  in  DJ 

and  this  will  go  on   till  the  mercury   in  the  outer 

reaches  the  top  of  the  cylinder ;  and  this  is  the  limit  of 

peri'ormance.     The  dimensions  with  whicii  we  set  out 

enable  the  machine  to  raise  the  water  about  30  feet  in 

pipe  £D;  which,  added  to  the  30  feet  of  CF,  makes 

whole  height  above  the  pit-water  60  feet.     By  making 

cylinders  longer,  wc  increase  the  height  of  FD.     Thin  oi 

chine  must  be  worked  with  great  attention,  and  but  alowlyj 

for  at  the  beginning  of  the  forcing  stroke  the  mercury 

rapidly  sinks  in  the  inner  space  and  rises  in  the  outer, 

will  dash  out  and  be  lost.     To  prevent  this  as  much 

poamble,   tlic  outer  cylinder  terminates  in  a  sort  of  cup  oc 

dish,  and  tlie  inner  cylinder  should  be  tapered  atop. 

The  machine  is  exceedingly    ingenious  and 
and  there  is  no  doubt  of  its  performance  exccecfing  tl 
of  any  other  pump  which  raises  the  water  to  the 
height,  because  frictioD  is  completely  avoided,  and  ihi 
can  be  no  want  of  tightness  of  the  piston.     But  tlu3  » 
tt9  advantage ;  and,  from  what  has  been  observed,  it  i& 
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trifling*  The  expense  would  be  enormous;  for  with  whau 
ever  care  the  cylinders  are  made,  the  inter\'al  between  the 
inner  and  outer  cylinders  must  contain  a  very  great  quan- 
tity of  mercury.  The  middle  cylinder  must  be  mode  of 
iron  plate,  and  must  be  without  a  aeam,  for  the  mercury 
^vould  dissolve  every  solder.  For  such  reasons,  it  has  never 
^^kme  into  general  use.  But  it  would  have  been  unpardun- 
^^ple  to  have  omitted  the  descnption  of  on  invention  which 
^H|  so  original  and  ingenious ;  and  there  are  some  occasions 
pVrbere  it  may  be  of  great  use,  as  in  nice  experiments  for  il- 
lustrating the  theory  of  hydraulics,  it  would  give  the  finest 
pistons  for  measuring  the  prcssiurcs  of  water  in  pipes,  &c. 
It  is  on  precisely  the  same  principle  that  the  cylinder  beU 
^ksmSf  described  in  the  article  Pnkdmatics,  are  constructed, 
^^ft  We  beg  leave  to  conclude  this  port  of  the  subject  with 
'  the  description  of  a  pump  without  friction,  which  may  be 
constructed  in  a  variety  of  ways  by  any  common  carpenter, 
without  the  assistance  of  the  pump-maker  or  plumber,  and 
will  be  very  effective  fur  raising  a  great  quantity  of  water 
to  small  heights,  as  in  draining  marshes,  marie  pits,  quar- 
ries, &c.  or  even  for  the  ser\'ice  of  a  house. 

VII.  ABCD  (Fig,  21.)  is  a  square  trunk  of  carpcnterV 
work  open  at  both  ends,  and  having  a  little  dstem  and 
spout  at  top.  Near  the  bottom  there  is  a  partition  made  of 
board,  perforated  witli  a  hole  E,  and  covered  with  a  clack. 
Jfjf  represents  a  long  cylindrical  bag  or  pudding,  made 
of  leather  or  of  double  canvass,  with  a  fold  of  thin  leather 
such  as  shccp-skin  between  die  canvass  bags.  This  is  firmly 
nailed  to  the  board  £  with  soft  leather  between.  The  up. 
per  end  of  this  bag  is  fixed  on  a  round  board,  having  a 
hole  and  valve  F.  This  board  may  be  turned  in  the  lathe 
with  a  groove  round  its  edge,  and  the  bag  fastened  to  it  by 
a  cord  bound  tight  round  it.  The  fork  of  the  piston-rod  FG 
is  firmly  fixed  into  this  board  ;  the  bog  is  kept  di&tcnded 
by  a  number  of  wooden  hoops  or  rings  of  strong  yi\x^fj\ 
\jft  S{c.  put  into  it  at  a  few  inches  distance  from  each 
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other.  It  will  be  proper  to  oonnect  these  hoap%  befin 
putting  them  in,  by  three  oar  four  oords  ikvm  top  to  hot 
torn,  which  will  keep  them  at  their  proper  diatmcei.  Thv 
unll  the  bag  have  the  form  of  a  baiber^s  beUova  powder* 
puff.  The  distance  between  die  bgopa  should  be  about 
twice  the  breadth  of  the  rim  of  the  wooden  ring^  to  wiuck 
the  upper  valve  and  piBton-rpd  art  fixed. 

Now  let  this  trunk  be  immersed  in  the  wster.  Itmtt^ 
dent  that  if  the  bag  be  stretched  finom  the  oomprond  ibm 
which  its  own  weight  will  give  it  by  drawing  up  the  pistoo- 
rod,  its  capadty  will  be  enlarged,  the  valve  F  will  be  diut 
by  its  own  w^ht,  the  air  in  the  bag  will  be  rarefied,  and 
the  atmosphere  will  press  the  water  into  the  hag.  Whoi 
the  rod  is  thrust  down  again,  this  water  will  oome  out  bf 
the  valve  F,  and  fill  part  of  the  trunk.  A  repetition  of  the 
operation  will  have  a  nmilar  effect ;  the  trunk  will  be  filkd, 
and  the  water  will  at  last  be  discharged  by  the  spout 

Here  is  a  pump  without  friction,  and  perfectly  ti^t 
For  the  leather  between  the  folds  of  canvass  renders  the  bag 
impervious  both  to  air  and  water.  And  the  canvass  has  very 
considerable  strength.  Wc^  know  from  experience  that  a 
bag  of  six  inches  diameter,  made  of  sail-cloth  No  3,  with  a 
aheep-skin  between,  will  bear  a  column  of  15  feet  of  water, 
and  stand  mx  hours  work  per  day  for  a  month  without 
failure,  and  that  the  pump  is  considerably  superior  in  e£> 
feet  to  a  common  pump  of  the  same  dimensions.  We  mast 
only  observe,  that  the  length  of  the  bag  must  be  three  times 
the  intended  length  of  the  stroke ;  so  that  when  thepistoo- 
rod  is  in  its  highest  position,  the  angles  or  ridges  of  the 
bag  may  be  pretty  acute.  If  the  bag  be  more  stretched 
than  this,  the  force  which  must  be  exerted  by  the  labourer 
becomes  much  greater  than  the  weight  of  the  ccdumn  of 
water  which  he  is  raising.  If  the  pump  be  laid  aslope, 
which  is  very  usual  in  these  occanonal  and  hasty  draw- 
ings, it  is  necessary  to  make  a  guide  for  .the  piston-rod 
within  the  trunk,  that  the  bag  may  f^y  up  and  down 
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like  that  of  Goftaet  and  Dc  la  Deu'dle,  described  by  Bclidor, 
vo  II.  p.  ]3i>,  and  most  writen  on  hydraulics.  It  would 
be  fttiil  more  like  it,  if  the  bog  were  on  the  under  side  of 
the  partition  £,  and  a  valve  placed  farther  down  the  trunk. 
But  wo  tliink  that  our  form  ifi  greatly  preferable  in  point 
of  strength.  Whea  in  the  other  situation,  tlie  column  of 
water  Ufted  by  the  piston  tends  to  burst  the  bag,  and  thift 
with  a  great  force^  as  the  intelligent  reader  well  knowB.*^ 
But  in  the  form  recommended  here,  the  bag  i»  eomprtsted^ 
and  tlie  str.iin  on  each  part  may  be  made  much  lest  thn 
that  which  tends  to  burst  a  bag  of  ux  inches  diameter. 

he  nearer  the  rings  are  pUoed  to  each  other  the  smaller 

II  the  strain  be. 

The  same  bag-piston  may  be  employed  for  a  forcing, 
pump,  by  placing  it  below  the  partition,  and  invcrdng  tbe 
valve ;  and  it  will  then  Xto  equally  strong,  because  the  rcaist- 
auce  ill  lliis  case  too  will  act  by  compression. 

We  now  come  naturally  to  the  consideration  of  the  dif- 
ferent forms  which  may  be  given  to  tlio  pistons  ond  valves 
of  a  pump.  A  good  deal  of  what  we  have  been  describing 
already  is  reducible  to  thia  head ;  but,  having  a  more 
general  appeiuance,  changing  as  it  were  the  wliole  ibrm 
and  structure  o^  the  pump,  it  was  not  improper  to  keep 
these  tilings  togetlier. 

The  great  desideratum  in  a  piston  is,  that  it  be  as  tight 
ta  possible,  and  have  as  little  friction  as  is  consistent  with 
this  indispensable  quality,  ^^''c  have  already  said,  that 
the  common  tbrm,  when  carefully  executed,  has  these  pro- 
perties in  an  eminent  degree.  And  accordingly  this  form 
has  kept  its  ground  amidst  all  the  iniprovementa  wliich  in- 
genious nrtists  have  made.  Air  Bchdor,  an  author  of  the 
first  reputation,  has  given  the  description  of  a  piston  which 
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ho  highJy  extols,  mid  is  undoubtedly  a  rerj  good  ooe,  cob. 
structed  from  principle,  and  extremely  *»rf'  coiapoaed. 

It  consists  ol'a  hollow  cylinder  of  inda)  ff  h  (Fip.  fl) 
pierced  witli  a  number  of  hole^,  and  liaTiDf;  at  top  a  Audi 
AB,  whose  diameter  is  nearly  equal  to  that  of  tlie  workii^ 
barrel  o1*  the  pump.  This  Hnnch  lias  a  groove  roaad  h. 
There  \b  another  flanch  I K  below,  by  which  tbis  hUam 
cylinder  is  fastened  with  bolts  to  the  lower  end  of  the  pis. 
ton,  represented  in  Fig.  S3.  This  consists  of  a  plaJc  CD, 
vith  a  grom'cd  edge  similar  to  AB,  and  an  interiDediftic 
plate  which  forras  the  seat  of  the  valve.  The  eompositkNi 
of  this  part  is  better  understood  by  inspecting  the  figure 
thnn  by  any  description.  The  piston-rod  l\L»  is  fixed  to 
the  upper  plate  by  bolts  through  its  difierent  bntichc*  At 
6,  6.  Tliis  metal  body  is  then  covered  with  a  cyfindtical 
bag  of  lenther,  fastened  on  it  by  cord«  bound  round  it, 
filling  up  the  grooves  in  the  upper  and  lower  plates.  Tlur 
operation  of  the  piston  is  as  follows : 

A  little  water  is  poured  into  the  pump,  which  gets  pa»t 
the  sides  of  the  piston,  and  lodges  lielow  in  the  fixed  valve 
The  piston  beuig  pushed  down  dips  into  this  water,  and 
it  gets  into  it  by  tlie  valve.     But  as  the  piston  m  deiueud- 
ing  compresses  the  air  below  it,  this  com  pressed  nr  alio 
gets  into  the  inside  of  the  piston,  swells  out  the  bag  wliidi 
surrounds  it,  and  compresses  it  to  the  sides  of  tlie  working 
barrd.     When  the  piston  is  drawn  np  again.  It  imutt  r^ 
main  tight,  because  the  valve  will  shut  and  keep  in  th« 
in  its  most  compressed  state;  therefore  the  piston  intttt 
perlbrm  well  during  the  suction.     It  must  act  equally  wtll 
when  pushed  down  again,  and  acting  as  a  forcer ;  for  bow- 
ever  great  the  resistance  may  be,  it  will  affect  the  ur  with- 
in the  piston  to  tlie  some  degree,  and  keep  the  kaihcT  tkm 
applied  to  tlie  barrel.     There  can  be  no  doubt  thef^fore 
the  piston's  performing  both  its  offices  eompl^ely ;  but ' 
imagine  that  the  adhesion  to  the  barrt*l  will  be  greater 
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y  :  it  will  extend  over  the  whole  surfiicc  of  the 
flttotk^mid  be  eijualiy  great  in  every  pai't  of  its  surface ; 
and  we  suspect  that  the  friction  will  therefore  be  very 
great     We  have  very  high  authority  for  supposing  iliat 
the  adhesion  of  a  piston  of  the  common  form,  carefully 
roade,  wi]|  be  such  as  will  make  it  ])erfcctly  tight;  and  it 
is  evid^it  that  the  adhe^on  of  Belidor^s  piston  will  be 
much  greater,  and   it  will  be  productive  of  worse  conse- 
quences.    If  the  leather  bog  is  worn  through  in  any  one 
place,  the  air  escq^es,  and  the  piston  ceases  to  be  com- 
ptesved  altogether ;  whereas  in  the  common  piston  there 
will  very  little  harm  result  from  the  leather  being  worn 
tbrougli  in  one  place,  especially  if  it  project  a  good  way 
yond  the  base  of  the  cooe.     We  still  think  the  common 
piston  prefenible-     BeUdor's  piston  would  do  much  better 
inverted  as  the  piston  of  a  sucking-pump ;  and  in  this  si- 
tuation it  would  be  equal,  but  not  superior,  to  the  common. 
Belidor  describes  another  forc'mg-piston,  which  he  had 
executed  with  success,  and  prefers  to  the  common  wooden 
forcer.     It  conbiats  of  a  metal  cylinder  or  cone,  having  a 
broad  flauch  united  tu  it  at  one  end,  and  a  similar  ilonch 
which  is  screwed  on  the  other  end.     Between  these  two 
plates  are  a  number  of  rings  of  leather  strongly  compressed 
by  the  two  tlanches,  and  dien  turned  in  a  lathe  like  a  block 
of  wood,  till  the  whole  fits  tight,  when  dry,  into  the  barrcL 
It  will  swell,  says  he,  and  soften  with  the  water,  and  with- 
stand die  greatest  pressures.     We  cannot  help  thinking 
this  but  an  indiftercni  piston.    When  it  wears,  there  is  no- 
tliing  to  si|uee7,e  it  tu  the  barrel.  ,  It  may  indeed  be  taken 
out  and  another  ring  or  two  ot   leather  put  in,  or  the 
flanchetf  may  be  mure  strongly  screwed  together :  but  all 
this  may  bo  done  witli  any  kind  of  piston ;  and  this  has 
therefore  no  }>eculiar  merit. 

•The  i'ollowing  will,  wc  presume,  appear  vastly  prefer- 
able- ABCD  (Fig.  S4r )  is  the  solid  wooden  or  metal 
block  of  tile  piston »  £F  ia  a  metal  plate,  which  is  turned 
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hollow  or  di«h-like  below,  so  as  to  recom  wilhia  it  lb* 
•olid  'block.  The  piston-rod  goes  through  the  whok^  ari 
Itofl  a  shoulder  above  the  plate  EF,  and  a  nut  H  bdov* 
Four  screw-bolts,  such  as  iky  Im^  also  go  thnm^thi 
whole,  hATing  their  heads  ky  m  sunk  into  the  hUjtkf  mt 
\nuiB  above  at «,  /.  The  packing  or  stuffing,  aa  it  k 
Vbj  the  workmen,  is  represented  at  NO.  Tfaia  U  fl 
solid  as'  possible,  and  generally  ooosiata  of  aoA 
twine  well  soaked  in  a  mixture  of  oil,  Udlow,  and 
The  plate  EF  is  gently  screwed  down,  and  thewtmlail 
then  put  into  the  barrel,  fitting  it  as  tight  m  may  be 
thought  proper.  When  it  wears  Loose,  it  maj  be 
ed  at  any  time  by  screwing  down  the  nuta  i  ^  which 
the  edges  of  the  di^  lo  squeeze  out  the  paokingt  aod 
press  it  against  the  barrel  to  any  degree. 

The  greatest  diificuity  in  tlie  coDstruction  of  a  pistoail 
to  give  A  suiHcicnt  passage  through  it  for  the  water,  and 
yet  allow  a  fimi  support  for  the  valve,  and  fixtunr  fof  the 
piston-rod.  We  shall  see  present]y  that  it  occaskaia  a  oon- 
sidernble  expense  of  the  moving  power  to  force  a  puifii 
with  a  narrow  perforation  through  tlie  water  lodged  in  d» 
woriucg-borrel.  When  we  are  nuaing  watar  to  a 
height,  sudi  as  10  or  20  feet,  the  power  ao 
amounts  to  a  fourtli  part  of  the  whole,  if  the  watei^way  m 
the  piston  is  less  than  one-lialf  of  the  section  of  the  handi 
and  the  velocity  of  the  piston  two  feet  per  second,  whkh  tft 
very  moderate.  There  can  be  no  doubt,  therefiKCi«  thai 
metal  pistons  are  preferable,  because  their  greater  ainnglh 
allows  much  wider  apertures. 

Tlie  following  pston,  described  and  reoonuneodcd  by 
Belidor,  seems  as  perfect  in  these  respects  as  the  natttrs  ef 
things  will  allow.  We  shall  Uierefore  def^be  it  in  the  att- 
thor^s  own  words  as  a  model,  which  may  be  adopled  with 
confidence  in  ilie  greatest  works : 

*<  The  body  of  tlie  piston  is  a  truncated  metal 
(Fig.   25.),   having   a  small   fillet  at  the   gvealar 
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"Fig,  3M.  shows  the  profile,  and  Fig.  27.  the  plan  of  its  up- 
per base ;  where  appears  a  cross  bar  DD,  pierced  with  an 
oblong  mortise  £  for  receiving  the  tail  of  the  piston-rod. 
A  hand  of  thick  and  uniform  leather  AA  (Fig.  26*.  and 
28>)  u  put  round  this  cone,  and  secured  by  a  brass  hoop 
BB  firmly  driven  on  its  smaller  end,  where  it  is  previously 
made  thinner  to  give  room  for  the  hoop. 

'*  This  piston  is  covered  with  a  leather  valve,  iorliHed 
witli  meud  plates  GG  (Fig.  29.)  These  plates  ore  wider 
than  the  hole  of  the  piston,  so  as  to  rest  on  its  rim.  There 
are  similar  plates  below  the  leather  of  a  smaller  size,  that 
they  may  go  into  the  hollow  of  the  piston  ;  and  the  leather 
u  lirmJy  held  between  the  metal  plates  by  screws  H,  H, 
which  go  through  all.  This  is  represented  by  the  dotted 
drcle  IE.  Thus  the  pressure  of  the  incumbent  column  of 
water  is  supported  by  the  plates  GG,  whose  circular  edges 
rest  on  the  brim  of  tlie  water-way,  and  thus  straight  edges 
rest  on  the  cross  bar  DD  of  Fig.  26.  and  27-  This  valve 
is  laid  on  the  top  of  the  conical  box  in  such  a  manner  that 
its  middle  FF  rests  on  the  cross  bar.  To  bind  all  together, 
the  end  of  the  piston-rod  is  farmed  Uke  a  cross,  and  the 
arms  MN  (Fig.  30.)  are  made  to  rest  on  the  diameter  FF 
of  the  valve,  the  tail  £P  going  through  tlte  hole  E  in  the 
middle  of  the  leather,  and  through  tlie  niorlise  E  of  the 
cross  bar  of  the  box ;  and  bIko  through  another  bar  QR 
(Fig.  28.  and  29.)  which  is  notched  into  the  lower  brim  of 
the  box.  A  key  V  is  then  driven  into  the  hole  T  in  the 
pitonrrod;  and  this  wedges  all  fast.  The  bar  QR  is 
made  strong ;  and  its  extremities  prefect  a  little,  so  as  to 
support  the  brass  hoop  BB,  which  binds  the  leatlier  band  to 
the  piston*box.  The  adjoining  scale  gives  the  dimensions 
of  all  the  parts,  as  they  were  executed  for  a  steam-engine 
near  Conde,  wliere  the  piston  gave  complete  satisfaction. "^ 

This  piston  has  every  advantage  of  strength,  tightness, 
and  large  water-way.  The  form  of  the  valve  (which  has 
given  it  the  name  of  the  buttcrfy'Valve)  is  extremely  fa- 


68S 


ruwr. 


vourablc  to  the  passage  uf  the  water ;  and  as  it  bu  boK 
half  the  motion  of  a  complelc  circular  valve,  la*  ^ma 
goes  back  while  it  ifi  &huttiiiir. 

The  Ibllowiiig  piston  is  also  im  :'i  i      ■     i  or-niJ 

deal  ot'oierit.     OrPO  (Fig.  3l.>  i  x  <»t  uit  ^t-.-a. 

liaving  B  perforaUon  Q,  covered  above  with  a  fiat  val^t:  ^t 
whicli  rests  on  a  metal  plate  that  forms  the  top  of  the  Uff. 
ABCBA  is  a  etirrup  of  iron  to  which  the  box  is  fixed  bf 
strews  a,  a,  a,  a»  whose  heads  are  sunk  in  the  wood.  TIh 
stirrup  is  perforated  at  C,  to  receive  the  end  of  ihe  pvum- 
rod)  nnd  a  nut   II   is  screwed  on   below  to  krcp  it  fatt. 
D£F£D  is  another  stirrup,  whose  lower  part  at  DD  (vrum 
a  hoop  like  the  sole  of  a  stirrup,  whLcl]  embraces  a  BOiall  part 
of  the  lop  of  the  wooden  Ixjx.  The  lower  end  of  the  pbUn- 
rod  is  screwed  ;  and  before  it  is  put  into  the  holes  of  tbetws 
iUrrups  (llirough  which  holes  it  slides  freely)  a  brood  oni 
G  is  screwed  on  it.     It  is  tlien  put  into  ilic  holcSf  and  the 
nut  H  firmly  screwed  up,  Tlie  pickiii;^  IIR  is  then  wniad 
about  the  piston  as  tight  as  possible  till  it  compUftrly  flli 
the  working-barrel  of  the  pump.     When  long  use  hasnm- 
dered  it  in  any  degree  loose,  it  may  be  tigliccncd  agaia  by 
screwing  down  tlie  nut  G.     This  causes  the  ring  DD  lo 
compress  the  packing  between  ii  and  the  projectifig^  ahaol- 
dcr  of  the  box  at  PP ;  and  thus  causes  it  to  swell  out,  and 
Ipply  itself  closely  to  tlie  barrel. 

AVe  shall  add  only  another  form  ni  a  perforated  pctoo; 
'hich  being  on  a  principle  different  from  all  tlie  prcttdiog» 
will  suggest  many  otl)ers  ;  each  of  which  will  liave  its  pe- 
culiar advantages.  OO  in  Fig.  3*2.  represents  tlvc  box  of 
tliis  piston,  6tted  to  the  working-barrel  in  any  of  the  pc» 
ceding  ways  as  may  be  tliought  best.  AB  b  a  cruii  \w 
four  amis,  which  is  fixed  to  the  top  of  the  box.  CP  b 
»e  piston-rod  going  through  a  hole  in  the  niiddW  of  AB| 
land  reaching  a  little  \\ay  beyond  the  bottom  of  the  bas* 
(It  has  a  shoulder  D,  which  prevents  its  going  tou  Ga 
through.     On  the  lower  end  there  is  a  thick  ineul  piUc, 
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conical  (HI  itH  upper  Mde»  so  as  to  fit  a  coaical  seat 
PP  in  tiic  bottom  of  the  pistoivbox. 

When  the  piston-rod  bt  pushed  down,  the  friction  on  the 
barrel  prevents  the  box  from  immediately  yielding.  The 
rod  therefore  sHps  through  the  hole  of  the  cru3&-bar  AB. 
The  plate  £,  tlierefore,  detaches  itself  from  the  box. 
When  the  ahouldcr  D  presses  on  the  bar  AB,  \he  box 
must  yield,  and  be  pushed  down  Uie  barrels,  and  the  water 
gets  up  through  the  perforation.  When  the  piston-rod  is 
drawn  up  again,  the  box  does  not  move  tUl  the  plate  £ 
lodged  in  the  seat  PP,  and  thus  shuts  the  water-way  ;  and 
then  the  piston  lifts  the  water  which  is  above  it,  and  acts 
as  the  piston  of  a  sucking-pump. 

This  is  a  very  simple  and  effective  construction,  and 
mokes  a  very  tight  valve.  IL  has  been  much  recomnieod- 
ed  by  engineers  of  die  first  reputation,  and  is  frequendy 
used  ;  and  from  its  simplicity,  and  tlic  great  solidity  of 
which  it  is  cajxible,  it  seems  very  lit  for  grL'ut  works.  But 
it  is  evident  that  die  water-way  is  limited  to  less  than  one- 
half  of  the  area  of  the  working-barrel.  Tor  if  tlic  perfora- 
tion of  the  piston  be  one-half  of  the  area,  the  diameter  ot 
(he  ])latc  or  ball  EP  must  be  greater ;  and  tlierefore  less 
than  half  the  area  will  be  left  for  the  passtigc  oi^  the  water 
by  its  sides. 

Wc  now  come  to  consider  the  forms  which  may  be  given 
to  the  valves  of  a  hydrauhc  engine. 

The  requisites  of  a  valve  are,  that  it  shall  be  tight,  of 
sufficient  strength  to  resist  the  great  pressures  to  which  it 
is  e\[x>t>ed,  thnt  it  afiurd  a  sufiicieiit  |>as6age  for  the  water, 
oixl  that  ii  do  not  allow  mucli  to  go  bock  while  it  is  sfuit- 
ung. 

Wc  have  not  much  to  add  to  what  has  been  said  already 
on  tills  subject.  The  valves  which  accompatiy  the  pump 
o[  Pig.  b,  arc  called  daclc-valveSj  and  aiie  all  the  most  ob- 
vious and  common  ;  and  Uic  construction  described  on  that 

iidon  ib  a^  perfect  as  any.     We  only  add,  that  as  tlie 


Krwr. 


leather  is  at  last  destroyed  at  \l\e  bmj;^  by  suoh 
motion,  and  it  is  Lruublesome.  «ipociaUj  iodeep 
under  water,  to  undo  the  joint  of  the  pump  in  ocder  to  put 
hi  a  nev  valve,  it  ts  frequently  annexed  to  a  boon  like  thit 
of  a  piston,  made  a  lltde  oomcal  on  the  outnde,  warn  to 6i 
a  conical  seat  raade  for  it  in  the  pipe,  aa  rtpmtafed  in 
Fig.  SS.  and  it  has  an  iron  handle  Hke  tkal  of  afaMkH* 
by  which  it  can  be  kid  hold  of  by  meant  of  a  toog  gn|^ 
pling.hook  Ici  do«'n  trom  alxj^re.  Thas  it  is  dnwa  tt^\ 
and  being  very  gently  tapered  on  the  side^  it  stadu  Tciy 
fast  in  its  place. 

The  only  defect  of  thia  valve  ia^  that  by  opaiiny  foy 
wide  when  pushed  up  by  the  Btresni  of  water,  it  allDn  a 
good  deal  to  go  back  during  its  ihntting  ^aio.  In  imc 
great  machines^  which  are  worked  by  a  »low*tunn^gGnolt» 
the  return  of  the  piston  is  ao  very  alow,  tlmt  a  Kmiblfl  Job 
is  incurred  by  this ;  but  it  is  nocbing  like  what  Dr  Dn^ 
guliers  says,  one-hiUf  of  a  cylinder  whose  height  ta  equal  to 
the  diameter  of  the  valre.— For  in  such  macbioea,  the  Int 
part  of  the  upward  stroke  is.  equally  alow,  aad  the  Tubdty 
of  the  water  through  the  valve  exceedingly  anall,  so  (iial 
the  %*alve  is  at  this  time  almost  sliut. 

The  butterdy  valve  represented  in  Figs.  29,  fira  if  &wt 
from  moat  of  thoae  inconveniences,  and  seems  tite  tnotl  per- 
fect of  the  clack-valves.  Some  engineers  make  tbcir  gnat 
valves  of  a  pyramidal  form,  consisting  of  four  clacka,« 
hinges  arc  in  the  circumference  of  the  water-vay, 
which  meets  witJi  their  points  in  the  middle,  and  are 
ported  by  four  ribs  which  rise  up  &om  the  lidtt, 
unite  in  the  middle.  This  is  an  excellent  forai> 
the  most  spacious  water*  way,  and  sliutting  very  readdr* 
It  seems  to  be  tlie  best  possible  lor  a  piston.  The  rod  ct 
the  piston  is  branched  out  on  four  sides,  and  tlie  brBiidws 
go  through  the  piston-box^  and  are  fuAterunl  below  wilk 
screws.  These  branches  form  the  support  uT  Ibc 
ckcks.  We  have  seen  a  valve  of  tlus  (brna  in  a  pamp 
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^BfT^^Siameter,  which  di»ch«rg«d  W  begalwftds  of  wa- 
ter every  stroke,  and  made  12  fttrolccA  in  a  mlnuto,  raising 
the  water  above  2ii  feet. 

There  ik  another  form  of  valve,  called  the  button  or  lail- 
valvf.  It  consists  of  a  plate  of  metal  AB  (Fig.  34.)  turn- 
ed conical,  so  aa  exactly  to  fit  the  conical  cavity  a  6  of  its 
box.  A  t^l  CD  projects  from  the  underside,  which  pBSft- 
t»  through  a  cross-bar  £F  in  the  bottom  of  the  box,  and 
baa  a  little  knob  at  the  ciid»  to  hinder  the  valve  (mux  ritung 
too  high. 

This  val\-e,  when  nicely  made,  is  unexcepUonable.  It 
has  great  strength,  and  is  therefore  proper  for  all  severe 
strains,  and  it  may  be  made  perfectly  tight  by  grindiugi 
Accordingly  it  is  used  in  all  cases  where  this  is  of  indispen- 
sable consequence.  It  is  most  durable,  and  the  only  kind 
that  will  do  for  passages  where  steam  or  hot  water  is  to  go 
through.  Its  only  imperfection  is  a  small  water-way ; 
which,  from  what  has  been  said,  cannot  exceed,  nor  indeed 
'equal,  one-half  of  the  area  of  the  pipe. 
r  If  we  endeavour  tn  enlarge  the  water-way,  by  giving  the 
cone  very  little  taper,  the  valve  frequently  sticks  so  fast  in 
the  seat  that  no  force  can  detach  them. — And  this  some- 
bmes  happens  during  the  working  of  the  machine ;  and 
the  jolts  and  blows  given  to  the  machine  in  taking  it  to 
pieces,  in  order  to  discover  what  has  been  the  reason  that 
it  lifts  discharged  no  water,  frequently  detaciies  the  valve, 
and  we  h'nd  it  quite  loose,  and  canuut  tell  wliat  has  de- 
ranged the  pump.  When  this  is  guarded  against,  and  the 
diminution  of  the  water-way  is  not  of  very  great  con9&> 
quence,  this  is  the  best  form  of  a  valve. 

Analogous  to  this  is  the  simplest  of  all  vahrea,  rrpre- 
sented  in  Fig.  35.  It  ia  nothing  more  than  a  sphere  of 
metal  A,  to  which  is  fitted  a  seat  with  a  small  portion  BC 
of  a  spherical  cavity.  Nnthing  can  be  more  effectual  than 
this  valve ;  it  always  falls  into  its  proper  place,  and  in 
every  position  fits  it  exactly.     Ita  only  imperfection  is  the 
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great  diminution  of  the  water-way.  If  the  djAineicr  uf 
Sphere  does  not  consuU'nxbly  exceed  that  of  the  hole, 
touching  perls  have  very  Httlc  taper,  and  it  ts  Yvrj  apt  t« 
stick  fiist.  It  opposes  much  less  rosistimcc  lo  the  pttngc 
of  the  water  than  the  flat  undcr-surface  of  the  buttiso-vili 
AT.  B. — It  would  be  ati  iraprovcmeijt  of  thai  ralw  to 
it  a  taper-shape  below  like  a  boy***  top.  The  spherial 
must  not  be  made  too  light,  otherwine  it  will  be  himwd' 
by  the  water,  and  much  may  go  back  wliijc  it  is 
to  its  place. 

Bciidor  describes  vnth  great  minuteness  (vol.  II.  p.: 
&c.)  a  valve  which  unites  every  requisite.  But  h  w 
such  nice  and  delicate  construction,  and  iu  defects  an  so 
great  when  this  exactness  is  not  attained,  ur  is  impaired  by 
use,  tliat  we  think  it  hazardous  to  introduce  it  into  a  m^ 
chine  in  a  situation  where  an  intelligent  and  luxurato  artist 
is  not  at  hand.  For  this  reason  wc  have  omitted  the  de- 
flcription^  which  cannot  be  given  in  few  word5,  nor  without 
many  figures  ;  and  desire  our  curious  readers  Ui  ooosull 
that  author,  or  peruse  Dr  Dcsaguliers'*  translation  of  \bu 
passage  Its  principle  is  precisely  tlie  same  with  the  foU 
Inwing  rude  contrivance,  with  which  wc  shall  conclude  ibc 
descriptive  part  of  this  article : 

Suppose  ABCD  (Fig.  3G.)  to  be  a  sqaara  wooden  irvni. 
EF  is  a  piece  of  oak-board,   exactly  fitted  to  the  trunk 
an  oblique  position,   and   supported  by  an  iron  pin 
goes  tlirougli  it  at  I,  une-third  of  Its  length  t'rv>m  the  loi 
extremity  £.     The  two  ends  of  this  board  are  bevi 
so  as  to  apply  exactly  to  the  sides  of  tlic  trtuik.     It  is 
dent,  that  if  a  stream  of  water  comes  in  tlie  direction  BA/ 
its  pressure  on  the  part  IF  of  thb  IxMurd  will  be  greater 
than  that  upon  £1.     It  will  therefore  force  it  up  and 
through,  making  it  stand  ahnost  parallel  to  the  sides  of 
trunk.     To  prevent  its  rising  so  far,  a  pin  mu&t  be  put 
its  way.     When  this  current  of  water  du&ngis  its 
tion,  the  pressure  on  ific  up|icr  ttidc  of  the  bonrd  boil 
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h  grcatcfil  on  the  portion  IF,  it  Is  forced  back  a^hi  to 
rormcT  situation ;  and  its  two  extremities  resting  cm  the 
opposite  &idcs  of  the  trunk,  the  passage  is  completely  stop- 
ped. This  board  tliercfore  perlbrms  the  office  of  a  valve ; 
d  this  valve  is  the  most  perfect  that  can  be,  becau^^  it 
ers  the  freest  passage  to  the  water,  and  it  allows  very 
tie  to  get  back  while  it  is  shutting ;  for  the  part  I£ 
ngfl  up  half  as  much  water  as  IF  allows  to  go  down.  It 
,y  be  made  extremely  tight,  by  fixing  two  thin  fillets  H 
and  G  to  the  sides  of  the  trunk,  and  covering  those  parts 
of  the  board  with  leather  which  applies  to  them ;  and  in 

hLhis  state  it  jwrfcctly  resembles  Belidor's  fine  valve. 
I  And  this  constructian  of  tlie  valve  suggests,  by  the  way, 
A  form  of  an  occasional  pump,  which  may  be  quickly  set 
up  by  any  common  carpenter,  and  will  be  very  cH'ectusl 
in  bDiall  heights.  Let  abode  (Fig.  30.)  be  a  square  box 
made  to  sUde  along  this  wooden  trunk  without  shake,  hav- 
g  two  of  its  sides  projecting  upwards,  terminating  like 
e  gable-ends  of  a  house.  A  piece  of  wood  e  is  mortised 
to  these  two  bides,  and  to  this  ihe  pistou-rod  is  fixed, 
his  box  being  furnished  with  a  valve  similar  to  the  one 
w,  will  perform  the  office  of  a  piston.  If  this  pump 
fbe  immersed  so  deep  in  the  water  tliat  the  piston  shall  also 
under  water,  we  scruple  not  to  say  that  its  performance 
will  be  equal  to  any.  The  piston  may  be  made  abundant- 
ly tight  by  covering  its  outside  neatly  with  soft  leather. 
And  as  no  pipe  can  be  bored  with  greater  accuracy  than  a 
very  ordinary  workman  can  make  a  square  trunk,  we  pre- 

Isume  that  this  pump  will  not  be  very  deficient  oven  for  a 
cousiderable  suction. 
Wo  now  proceed  to  the  last  part  of  the  subject,  to  oonsi- 
-dertlie  motion  of  water  in  pumps,  in  reference  to  the  force 
Vfhxch  must  be  cin  '  '  What  we  Imve  hitlierlo  said 
uilh  respect  lo  iIk  ■■  inch  must  be  applied  to  a  piston, 

related  only  to. the  sustaiuing  tlie  water  at  a  certain  height ; 
but  in  actual  service  wc  must  nut  only  do  this,  but  wcmubi 
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dischargti  it  at  the  place  of  delivery  in  a  ootjdn  qunOty  i 
and  this  must  require  a  force  superadded  to  vfoat  b 
sary  for  its  mere  support  at  this  height 

This  is  an  extremely  intricate  and  dilBcuk  aabject, 
iry  Linpcrfectly  understood  even  by  prnfi  wd 
*he  principles  on  which  this  knowledge  miiat  be 
arc  of  a  much  more  abstruse  narure  than  ibe  ordmtfj  Im 
of  hydrostatics  ;  and  all  the  genius  of  Newton  mm  cvp^T^ 
ed  in  laying  the  foundation  of  this  part  of  physical  sdoiBii 
It  has  been  much  cultiyatcd  in  the  course  of*  this  ctotmy 
by  the  first  mathematicians  of  Europe.  Daniel  and  Johi 
Bernoulli  have  ^tten  very  elaborate  treatises  oa  the  sab* 
joct,  under  the  very  apposite  name  c>f  HTi>aoinrvAM]c«; 
in  which,  although  they  have  added  little  or  nothing  to  tfas 
fundamental  propositions  established  in  some  sort  by  New- 
ton, and  acquiesced  in  by  them>  yet  ihey  have  grotttly  cso* 
tributed  to  our  progress  in  it  by  the  methods  which  thrj 
have  pursued  in  making  application  of  thoae  fuadjOMniil 
propositions  to  the  most  im^wrtanl  cases.  It  must  be  ac- 
knowledged, liowever,  that  both  these  propositions,  aod  ite 
extensions  given  them  by  these  autliors,  ore  supported  by 
a  train  of  argument  that  is  by  no  meana  uneaBoi^ttioaiUe ; 
and  tliat  they  proceed  on  assumptions  or  poitalMea 
are  but  nearly  true  in  any  case,  and  in  many  are  ii 
ble:  and  it  remains  to  this  hour  a  wonder  or  puaale  ham 
these  propositions  and  tJieir  results  oorrenpond  wkb  Ch« 
phenomena  which  we  observe. 

But  fortunately  this  correspondence  does  obbun  to  a  cer- 
tain extent.  And  it  seems  to  be  this  correapoiukDoe  cbioiy 
which  has  given  these  authors,  with  Newton  at  tbar  biodf 
the  confidence  which  they  place  in  their  respectrre  pnoci* 
pics  and  methods :  for  there  ore  coosaderable 
among  them  in  those  respects ;  and  each  seems  ami 
that  tlic  others  are  in  a  mistake.  D' Alembcrt  and  La  Grangv 
have  grcady  corrected  the  theories  of  liieir  pf«dneHot% 
and  liavc  proceeded  on  postulates  which  come  much 
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to  the  real  state  of  the  case.  But  their  investigatioas  in* 
Tolve  us  in  such  aii  incxtiicable  maze  of  analytical  investi- 
gation, that  oven  when  ^e  are  again  conducted  Co  the  light 
of  day  by  tliu  clue  which  tliey  have  given  us,  we  can  make 
no  use  of  what  wc  there  diBcovered« 

But  this  tlieory,  imperfect  as  it  is,  is  of  great  service.  It 
generalizes  our  observations  and  experiments,  and  enables 
US  to  compose  a  pracikal  doctrine  from  a  heap  of  facts 
which  otherwise  must  have  remaned  solitary  and  uucou- 
nectedy  and  as  oombersome  in  their  application  blf.  the  cha- 
racters of  the  Chinese  writing. 

The  fundamental  proposition  of  tliis  practical  hydrody- 
namics is,  that  water,  or  any  fluid  contained  in  an  open 
vessel  of  indefinite  magnitude,  and  impelled  by  its  weight 
only,  will  flow  through  a  small  orifice  with  the  velocity 
which  a  heavy  body  would  acquire  by  falling  from  the  ho» 
hzontal  surface  of  the  fluid.  Thus,  if  the  orifice  is  16  feet 
under  the  surface  of  the  water,  it  will  issue  with  the  velo- 
city of  32  feet  in  a  second. 

Its  velocity  corresponding  to  any  other  depth  h  of  the 
orifice  under  the  surface,  will  be  had  by  this  easy  propor- 
tion: As  the  square  root  of  16  is  to  the  square  root  of 
h;  so  is  82  feet  to  the  velocity  required :  or,  alternately, 

ij  lb  i 

that  IS,  multiply  the  square  root  of  the  height  in  feet  by 
eight,  and  the  product  is  the  required  velocity. 

On  the  other  hand.  It  frequently  occurs,  that  we  want  to 
diacover  the  depth  under  the  surface  which  will  produce  a 

known  velocity  v.     Therefore  ^h=  ^,  and  A=z ^- :  that 

is,  divide  the  square  of  the  velocity  by  64,  and  the  qu<^ 
tient  is  the  depth  wanted  in  feet* 

This  proposition  is  sufficient  for  all  our  purposes.  For 
^ce  water  is  nearly  a  perfect  fluid,  and  popagates  all  ia^ 
preisions  undiminislied,  we  can,  in  place  of  any  pressure  of 
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a  piston  or  nthor  cnusr,  siilistitiiic  a  perpcndiruUr  cnliiiBn 
of  wnlcr  whose  weijii^lil  is  equal  to  this  prct»un\  aad  wdl 
therefore  produce  the  same  eHlux.  Thuft»  if  the  autian^i 
n  piKUm  is  half  u  BC{iiare  foot,  and  it  be  prasM.*d  dtnva  viA 
the  weight  of  500  p)unds,  and  we  would  wish  to  kumt 
with  what  velocity  it  would  cause  the  water  to  flowthnxi^ 
a  small  hole,  we  know  that  a  column  of  water  of  tkii 
weight,  and  of  half  a  foot  base,  would  be  16  feel  U^. 
And  this  proposition  teaches  us,  that  a  vcssiel  of  thb  depth 
rill  have  a  velocity  of  efflux  equal  to  dS  Fccc  in  m  teeomL 
If  therefore  our  pre&sintc  power  be  of  sudi  a  kind  thttil 
Lii  continue  to  press  forward  tlie  pislcm  with  (be  force  oi 
500  pounds,  the  water  will  flow  with  thi^  velocity,  vluc- 
rer  be  the  size  of  the  hole-  All  that  remains  is,  to  dder- 
^mine  what  change  of  actual  pressure  on  the  piMoD  results 
from  the  motion  of  the  piston  itself,  mid  to  chiuifec  tbc  vc* 
loctty  of  efflux  in  the  subduplicate  ratio  of  the  d)apge  of 
actual  pressure. 

But  before  we  can  apply  this  knowledge  to  the  drcusi- 
stances  which  take  place  in  the  motion  of  water  in  pamps 
we  must  take  notice  of  an  important  modifiaitkm  t£  1^ 
fundamental  pro{>o5ition,  which  is  but  very  obscurelf  pcint- 
cd  out  by  any  good  tlicory,  but  is  established  on  the  most 
regular  and  unexceptionable  observadoDU 

If  the  efllux  is  mode  through  a  hole  in  u  thiu  pbti-,  and 
the  velocity  is  computed  as  above,  we  shall  dtvcorcr  the 
quantity  of  water  which  issues  in  a  second  by  obaenrmjT* 
that  it  is  n  prism  or  cylinder  o^  the  length  indir 
velocity,  and  hoving  its  transverse  section  equai  u- 
the  orifice.     Thus,  in  the  example  already  given,    -   , 
ing  the  bole  to  be  a  square  incli,  the  solid  contents  of  ilii'i 
prism,  or  the  quantity  of  water  i^  '   i<  I, 

32  X  12  cubic  inches,  or  :3S4cul  ^.,.. 

easily  measure  by  rcceirmg  it  in  a  vessel  of  kiuiwo 
sions.     Taking  this  method,  vrc  unifui  i 
of  nearly  33  ports  in  lOU  ;  iluit  is,  d'  \vv 
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)n3  in  any  number  of  seconds,  we  shall  in  fact  get  ooly 
62.  This  is  a  most  regular  fact,  whether  the  velocities  are 
great  or  small,  and  whatever  be  the  svi/e  and  fomt  of  tlie 
orifice.  The  deficiency  increases  indeed  in  a  very  minute 
degree  with  the  velodties*  If,  for  instance,  the  depth  oC 
the  orifice  be  one  foot,  the  discharge  is  ^^^/« ;  if  it  be  IS 
feet,  the  discliarge  is  iVc'i^. 

This  deficiency  is  not  owing  to  a  diminution  of  velocity ; 
for  the  velocity  may  be  comIv  aiui  accurately  nieasure*!  by 
the  distance  to  which  the  jet  will  go,  if  dii'eclcd  horizon- 
tally. This  is  found  to  correspond  very  nearly  wiUi  the 
propoiition,  making  a  very  small  allowance  for  fricdon  at 
the  border  of  the  hole,  and  for  the  resistance  of  the  air. 
Sir  Isaac  Newton  ascribed  ihe  deficiency  with  great  justice 
to  this,  that  the  lateral  columns  of  watc^r,  Burruunding  Uie 
column  which  is  incumbent  on  the  orifice,  prc!^>s  towards 
the  orifice,  and  contribute  to  the  expense  e  ually  with  that 
column.  These  lateral  lilamenth,  therefore,  issue  obliquely, 
cro6^g  tlie  motion  of  the  oeotral  stream,  ood  produce  a 
contraction  of  the  jet ;  and  the  whole  stream  does  not  ac- 
quire a  parallel  motion  and  its  ultimate  velocity  till  it  has 
got  to  9omo  distance  ironi  tlie  oriHce.  Caieful  observation 
showed  him  that  this  was  really  the  case.  But  even  his 
genius  could  not  enable  hlni  to  ascertain  the  motion  of  the 
lateral  filaments  by  theory,  and  he  was  obliged  to  measure 
every  thing  as  be  saw  it.  He  found  the  diameter  of  the . 
jet  at  the  place  of  the  greatest  contraction  to  be  precisely 
such  as  accounted  for  the  deficiency.  His  explication  has 
been  unanimously  acquiesced  in ;  and  experiments  have 
been  multipUed  to  ascertain  all  those  circumstances  whidi 
our  theory  cannot  determine  a  priori.  The  most  complete 
set  of  experiments  arc  those  of  Midielolli,  made  at  Turin 
at  the  expense  of  the  Prince  of  Pic'dmont.  Here  jets  were 
made  of  1,  S,  3,  and  4-  incites  diameter  ;  and  the  water  re-. 
caved  into  cisterns  most  accurately  formed  of  brick,  and 


rtJMP, 


lined  with  stucix).     It  u  the  result  of  these 
which  wc  have  taken  tor  a  tncastire  of  the  deficiencj. 

We  may  therefore  consider  the  water  «a  i^r-—T:  -  rhto^ 
a  hole  of  this  contracted  dimcDfion^  or  sti:  .  ihakt 
the  real  orifice  in  all  calculations.  For  it  ia  evtdetit  tiM  JT 
a  mouth-piece  (so  to  call  it)  were  xnade^  whose  iatena! 
slmpe  precisely  tallied  with  the  form  which  the  jet 
and  if  this  mouth-piece  be  applied  to  the  ortfoe^  the 
will  tlow  out  without  any  obstruction.  The  ftmti  atj 
therefore  be  considered  as  really  having  thia  Bioath«|)Moa. 

Nay,  from  this  we  derive  a  very  important  ofacenralioB» 
*'  that  if,  instead  of  allowing  the  water  to  How  through  a 
hole  of  an  indi  area  made  in  n  thin  plate,  we  make  it  ftnr 
through  a  hole  in  a  thick  plank,  bo  formed  that  theextow 
nal  orifice  sliall  have  an  inch  area,  but  be  wideord  tnt£r* 
nally  agreeably  to  the  shape  which  nature  forma,  both  tht 
velocity  and  quantity  will  be  that  which  the  fuadaoentel 
proposition  determines.     Michelotti  measured  with  gnat 


care  the  form  ol'  the  great  jet«  of  three  and  Amr 
diameter,  and  found  that  the  bounding  cur^e  was  on  cbn* 
gated  trochoid.  He  then  made  a  mouib-pieoe  of  this  ibai 
for  his  jet  of  one  inch,  and  another  for  his  jet  oi*  two  iodteft ; 
and  he  found  the  discharges  to  be  t%V«  and  tVM  ;  and  be^ 
with  justice,  ascribed  the  trifling  deficiency  whidi  fttill  r6* 
mained,  partly  to  friction  and  partly  to  his  not  having  ex* 
aetly  suited  his  mouth-piece  to  the  natural  forro.  We 
imagine  that  this  last  circumstance  was  the  eole  canMt; 
for,  in  the  first  place,  tiic  water  in  his  cxpcrimetits,  hekn 
getting  at  his  jet-holes,  had  to  pass  along  a  tube  of  dgfac 
inches  diameter.  Now  a  jet  of  four  inches  bears  too  great 
a  proportion  to  this  pipe ;  and  its  narrowness  undoubtedly 
hindered  the  lateral  columns  from  contributing  to  tlic  elHui. 
in  their  due  proportion,  and  therefore  rendered  the  jet  lea 
otmvetgent.  And,  in  the  next  place,  there  can  b«  nodoubi 
(and  the  obser\'ations  <A*  Daniel  Bernoulli  confinn  it)  but 
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that  tliis  convergency  begins  wiihin  the  vessel^  and  perhaps 
at  a  very  coa^derable  distance  from  ibe  orifice.  And  we 
imagine,  that  if  aecurate  observations  could  be  made  on 
the  motion  of  the  remote  lateral  particles  witliin  the  vessel, 
and  an  internal  moutli-piece  wore  shaped  accorcUng  to  t^ic 
curve  which  is  described  by  the  remotest  particle  that  we 
can  observe,  llie  efflux  of  water  would  almost  ]>erfectly  tally 
with  the  theory.  But  indeed  tJie  coincidence  is  already 
Butiicicndy  near  for  giving  us  very  valuable  inforraalinn. 
We  learn  thai  the  quantity  of  water  which  tlows  through  a 
hole,  in  const^quence  of  its  own  wciglil,  or  by  the  action  of 
any  force,  may  be  increased  one  liall'  by  properly  shaping 
the  passage  to  this  hole ;  for  we  see  that  it  may  be  increas- 
ed from  C2  to  near  99. 

But  there  is  another  modification  of  the  efflux,  whicli  we 
confess  our  total  incapacity  to  explain.  If  the  water  issues 
through  a  hole  made  in  a  plate  whose  thickness  is  about 
twice  the  diameter  of  the  hole,  or,  to  express  it  better,  if  it 
issues  through  a  pipe  whose  length  is  about  twice  its  dia- 
meter, the  quantity  discharged  is  nearly  ,Vii  of  what  results 
from  the  proposition.  IF  tlie  pipe  be  longer  than  this,  the 
quantity  is  ditnini&hcd  by  friction,  wliich  increases  as  the 
length  of  the  pipe  increases.  If  the  pipe  be  shorter  the 
water  will  not  fill  it,  but  dulaches  itself  at  the  very  entry 
of  tJic  pipe,  and  flows  widj  a  contracted  jet.  When  the 
pipe  is  of  tliis  Icfngtii,  and  die  extremity  is  stopjx'd  with 
the  finger,  so  that  it  begins  to  flow  with  a  full  mouth,  no 
subsequent  contraction  is  observed  ;  but  merely  striking  on 
the  \npe  with  a  key  or  the  knuckle  is  generally  sufficient  to 
detach  the  water  in  an  instant  from  the  sides  of  the  plj>e, 
and  reduce  the  efflux  to  i^Ai. 

This  efiect  is  most  unaccountable.  U  coHiunij/  arises 
from  the  mutual  adliesion  or  attraction  between  the  water 
and  the  sides  of  the  pipe;  but  how  this,  acting  at  right 
angles  to  llie  motion,  should  produce  an  increase  from  (JS 
U>  82,  nearly  J,  we  cannot  explain.     It  ^hows,  however, 

VOL.   II,  2  \ 


694 


POMP. 


the*  prodigious  force  of  this  attraction^  which  io  the 
of  two  or  tlirec  indies  is  able  to  comniutuctitc  a  great 
city  to  a  very  great  body  of  water.      InJecd  the 
mcnls  on  capillary  tubes  show  that  the  mutiul 
of  tlie  parts  of  water  is  some  lhuuii&ndi«  of  time* 
than  their  weight. 

We  have  otily  further  to  odd,  that  crery  waraKf*  pipe 
beyond  two  diameters  is  accompanied  with  a  diiniaiiljua  d 
the  discharge;  but  in  what  ratio  this  Is  diiimii»hfd  it'i* 
very  difficult  to  detmnine.  We  shall  only  obwrvc  at  fw> 
scmt  that  the  diminution  is  very  greaL  A  ptpe  of? 
dinmeter  and  30  feet  long  has  it»  diachar^  oaly 
what  it  would  be  if  only  4  inches  long.  If  its 
60  feet,  its  discharge  will  be  nu  more  than  i^  A 
1  inch  diameter  would  have  a  disdiarge  of  i\U  tad 
the  same  situation.  Hence  we  may  conclude  that  the  (b- 
charge  of  a  4-inch  pipe  of  30  feet  long  will  not  cxomI 
what  it  would  Ix?  if  only  8  inches  long.  This  will 
for  our  present  piirjx>scs ;  and  the  determiruUkm  of  ihr  ^ 
locities  and  discharges  in  long  conduits  from  pum|Ml»> 
chines  will  be  found  in  our  dissertation  on  JVATWB^fTom, 
At  present  we  shall  confine  our  attention  to  the  pamn  ita^ 
and  to  what  will  contribute  to  its  improvement. 

Before  we  can  proceed  to  apply  this  fundamental  ]«ap>> 
stlion  to  our  purpose,  we  must  anticipate  in  n  loose  wsy  •  p*- 
Bition  of  continual  use  in  the  construction  of  water-worki 
Let  water  be  supposed  stagnant  in  a  vessel  EFGH 
(Fig.  37.)i  and  let  it  be  allowed  to  flow  out  l»y  a  cylbJiv 
cat  pipe  HIELy  divided  by  any  number  of  panitiamBi 
C,  Dy  &c.  Whatever  be  the  areas  B,  C,  D,  of  theMOfi 
fices,  the  velodty  in  the  intermediate  potts  of  the  pp* 
will  bo  the  same ;  for  as  much  |)asscs  through  any  ooetf^ 
fiee  in  a  second  as  passes  through  any  other  in  the 
time,  or  through  any  section  of  the  intcrveniDg  pipr.  Ll^ 
this  velocity  in  the  pipe  be  V,  and  let  the  area  of  the  pp* 

VA 

be  A.    The  velocity  in  the  oriiices  B>  C\  O,  must  be  'tt 


in  the  6r8t  orifice  alone,  is  .     Auer  this  passage  the 

velocity  is  again  reduced  to  V  in  the  middle  of  the  space 
between  the  first  and  second  orifices.    In  tiie  second  orifice 

VA 

Uus  velodty  is  changed  to  -^ .   This  alone  would  have  ro- 
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VA    VA 

—-^         ,  &&  Let  ^  be  the  velocity  aoquuied  tti  a  second  by 

a  heavy  body.  Then,  by  the  general  projjosition,  the  height 

VA 

of  water  in  die  vessel  which  will  produce  the  velocity 


B 


V»A« 


C* 


quired  a  height  of  water 


V^ 


But  the  water  is  already 


moving  with  the  velocity  V,  which  would  have  resulted 
from  a  height  of  water  in  vessel  (which  we  shall,  in  the 
language  of  the  art,  call  th|  Head  of  Walter)  equal  to 

V* 

-— .  Therefore  tliere  is  only  required  a  head  of  water 
2g 

V«j^»      V*       V*      /A*        \ 

-— p=  —  — -,  or  —  X  ( -Tzs — 1  •  I  Therefore  the  wliolc  height 

necessary  for  producing  the  efflux  through  both  orifices, 
eo  as  still  to  preserve  the  velocity  V  in  the  intervening 

V      A^      A^ 

pipe,  **  Q-x  to4- pi — 1-     In  liltc  manner  the  third 

V- 

orifice   D  would  alone   require  a  head  of  water  --  x 


1  ;  and  all  tlie  three  would  require  a  head  --  x 


_  +  —   +   — a  —  %.    By  this  induction  may  easily  be 
B'        C  D*  ^  J        J 

seen  what  head    is  necessary   for  producing  the  efflux 
through  any  number  of  orifices. 

Let  the  expense  or  quantity  of  water  discharged  in  an 
unit  of  time  (suppose  a  second)  be  expressed  by  the  sym- 
bol Q      This  is  measured  by  the  product  of  the  velocity 


^^ 


imA 
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by  the  area  of  the  orifice,  and  ia  therefore  =  VA, 


VA 
X  B,  or  -^  X  C, 


&c.  and  V*  = 


Q» 


Thenfiaraw  m^ 


Gotnputc  the  head  of  water  (which  vre  shall  cxpre»  hf  H) 
in  reference  to  the  quantity  of  water  dtschargcdf  bectmr 
this  is  generally  the  interesting  circumstance.     iDl&Bvirv 

Q 


we  have  H  = 


+  TT,+  Fr,— » 


iHijcb 


A"      A»      A> 

that  the  head  of  water  necessary  for  producing  the  dificfatf^ 
increases  in  the  proportion  of  tlie  square  of  the  qoaatty 
of  water  which  is  discharged. 

Theae  things  being  premised*  it  is  an  easy  matter  lo  div 
termine  the  motion  of  water  in  a  pump,  and  the  qoMKUj 
discharged,  resulting  from  the  action  of  any  ft)cceoot» 
piston,  or  the  force  which  must  be  applied  to  the  paMixi  u 
order  to  produce  any  required  motion  or  quantity  dtsdof]^ 
ed.  We  have  only  to  suppose  that  tlie  force  anplojed  n 
tlie  pressure  of  a  column  o(  water  of  tlie  diaiDiHer  of  ifc 
working-barrel ;  and  this  is  over  and  above  the  force  wlm 
IS  necessary  for  merely  supporting  the  water  at  tlur  h^^ 
of  the  place  of  delivery.  The  motion  of  the  wawr^  be 
the  same  in  both  cases. 

Let  us,  first  of  all,  consider  a  sucking-pump^  Tli« 
lion  here  depends  on  the  pressure  of  tJie  air,  and  will  bf 
the  same  as  if  the  pump  were  lymg  honzontaJJy«  and  taey 
munic^ted  with  a  reservoir,  in  which  is  a  head  of  water 
(ideot  to  overcome  all  the  obstructions  to  the  OKAian,  aaa 
produce  a  velocity  of  efflux  such  as  we  de^irr  *■•-  '  Hat 
it  must  be  noted  that  tliere  is  a  hniit.  No  \  <  ^  '  tbe 
piston  can  make  the  water  rise  in  the  E»uctioa-pipc  vitlia 
greater  velocity  than  what  would  be  produced  by  the  prt»» 
sure  of  a  column  of  water  33  feet  high  ;  that  is,  a 
feet  per  second. 

Let  tlie  velocity  of  the  piston  be  V,  and  the  area  itf 
working-barrel  be  A.    Then,  if  the  water  filb  tliebtfftJ* 
fast  9&  VW  \iv&\ou  \%  ^\t^^^w  w^,  vVc  ^^odbtaige  duiiag  tV 
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rise  of  the  piston,  or  the  number  of  cubic  feet  of  water  per 
Beoond,  must  be  =  VxA.  This  is  always  supposed,  uiul 
we  have  already  ascertained  iJic  circunL^tances  which  en- 
sure this  to  bappeu.  If,  tiiercfure,  the  water  arrived  with 
perfect  freedom  to  the  piston,  the  force  necessary  for  giv- 
ing  it  this  velocity,  or  for  discharging  the  quantity  V^A 
in  a  second,  would  be  equa]  to  the  weight  of  the  pillar  of 

water  whose  beisht  is  — ,  and  base  A. 

It  docs  not  appear  at  first  sight  that  the  force  necessary 
for  producing  this  discharge  has  any  thing  to  do  witli  the 
obstruction.^  to  the  ascent  of  the  water  into  the  pump,  be- 
cause this  is  produced  by  the  pressure  of  the  atmosphere, 
and  it  is  the  actiou  of  this  pressure  which  is  measured  by 
the  head  of  water  necessary  for  producing  the  internal  mo- 
tion in  the  pump.  Biit  we  must  always  recollect  that  the 
piston,  before  bringing  up  any  water,  and  supporting  it  at 
a  certain  height,  was  pressed  on  both  sides  by  the  atmo- 
sphere. VVliile  the  air  supports  the  column  below  the  pis- 
ton, all  die  pressure  expended  in  this  support  is  al>stracled 
from  its  pressure  on  the  under  part  of  the  piston,  while  its 
upper  part  still  supports  the  whole  pressure.  The  atmo- 
sphere continues  to  press  on  the  under  surface  of  the  pis- 
ton, through  the  intermedium  of  the  water  in  the  suclion- 
ppc,  with  the  difference  of  these  two  forces. — Now,  while 
ihe  piston  is  drawn  up  with  the  velocity  V,  more  of  the  at^ 
mosphcric  pressure  must  be  expended  in  causing  the  water 
to  follow  the  piston  ;  and  it  is  only  with  the  remainder  of  its 
whole  pressure  that  it  continues  to  press  on  the  under  sur- 
face of  the  piston.  Therefore,  in  order  tliat  the  piston 
may  be  raised  with  the  velocity  V,  a  force  must  be  applied 
to  it,  over  and  above  the  force  necessary  for  merely  sup- 
jx)rling  the  column  of  water,  equal  to  tliat  pai't  of  tlie  at- 
mospheric pressure  tlius  employed  ;  that  is,  equal  to  the 
weight  of  the  head  of  water  necessary  for  forcing  the  water 
up  through  the  suction-pipe,  and  producing  die  velocity  V 
iu  tJic  working-barrel- 
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Ther^ibro  lot  B  be  the  area  of  tbc  mouth  of  Um 
pipe,  and  C  the  area  of  the  fixed  valve,  and  let  tbo  m^ 
tton-pipe  be  of  e<|ual  diameter  with  the  warktog^^amL 
The  head  necessary   for  producing  the  vdodtj  V  on  tit 

V  *  /  A'       A'         \ 
working-barrel  is  j-  (  ^  "*"  "c* ""  ^  A      ^^^  cxprw  ibc 

o 

^density  of  water ;  thai  is,  if  d  be  the  number  of  poundi  m  a 

V* 

cul»c  foot  of  water,  then  d  A  3—  wiU  expreM  iht  mmifA 

lof  a  column  whose  base  is  At  and  height  y— ,  aO  bcuy 
reckoned  in  feet.  Therefore  the  force  which  tmutl  fat  ip 
jplied,   when  estimated   in   pounds,  will   be  ^  =  -3 — 

The  first  general  observation  to  be  made  on  what  lu» 
been  said  is,  that  the  power  which  must  be  cuipluved  t« 
produce  the  necessary  motion,  in  opposition  fu  all  the  ok 
siaclea,  is  in  tlie  proportion  of  the  square  of  the  velocity 
which  we  would  produce,  or  the  s<:)uavo  of  ilio  ^juiuititv  of 
water  we  would  discharge. 

We  have  hitlierto  proceeded  on  the  suppo»itiOQ,  that 
there  is  no  contraction  of  the  jet  in  passing  through  thc«e 
two  orifices.  This  we  know  would  be  very  far  from  the 
trutli.  We  must  therefore  accommodate  things  to  thcA 
circumislances,  by  dinunishing  U  and  C  in  the  ratio  of  Cbt 
contraction,  and  calling  the  diminished  areas  b  and  c :  then 

we  havep  =  -g^  ^-35-  +  -^- 1/ 

What  this  diminution  may  be,  depends  on  the  fofTn«^ 
the  parts.  If  the  fixed  valve,  and  the  entry  into  the  puaipi 
are  simply  holes  in  thin  plates,  then  6  =  M  B  and  c  — 
1%  C.  The  entry  is  commonly  widened  ot  tTumptt-saiup* 
ed,  which  diminishes  greatly  the  contraction:  but  ihtf» 
art*  other  obstacles  in  the  way,  arising  from  the  sfrdwr 
usually  put  round  it  to  keep  out  filth. 
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hnvp  its  contraction  ^eatly  diminished  also  by  its  box  be- 
ing made  bcll-shapcd  iutcrnally ;  nay,  even  giving  it  a  cy- 
lindrical box,  in  the  manner  of  Fig.  38.  is  better  than  no 
box  at  all,  as  in  Fig.  5. ;  for  such  a  cylindrical  box  will 
liave  tlic  unaccountable  effect  of  the  short  tube,  and  make 
i  =  AS  B,  instead  of  i^  B.  Thus  wc  see  that  circum- 
stances seemingly  very  trifling  may  produce  great  effects 
in  the  performance  of  a  pump.  Wc  should  have  observed 
that  tlic  valve  itself  presents  an  obstacle  wliich  diminishes 
tlic  motion,  and  requires  on  increase  of  power;  and  it 
would  seem  that  in  Uiis  respect  tiie  clack  or  buttcrfly-volvi- 
is  preferable  to  the  button-valve. 

Exampk.  Suppose  tlic  velocity  of  the  piston  to  be  2 
feet  or  24  inches  per  second,  and  that  the  two  contracted 
areas  are  each  1th  of  the  area  of  the  pump,  which  is  not 
much  less  llian  what  obtains  in  ordinary  pumps.  Wo  have 

^  (^  +  "^--O  =  ♦"  («6  +  8A  -  1)  =  3C.75 

inches,  and  the  force  which  we  must  add  to  what  will 
merely  support  the  column  is  the  weight  of  a  pillar  of  wa- 
ter incumbent  on  the  piston,  and  something  more  than 
three  feet  high.  This  would  be  a  sensible  portion  of  the 
whole  force  in  raising  water  to  small  heights. 

We  have  supposed  the  suction-pipe  to  be  of  the  same 
diameter  with  tlie  working-barrel ;  but  it  is  usual  to  make 
it  of  smaller  diameter,  generally  equal  to  the  water-way  of 
the  fixed  valve.  This  makes  a  considerable  change  in  the 
force  necessary  to  be  applied  to  the  piston.  Let  o  be  the 
area  of  the  suction-pipe,  the  area  of  the  entry  being  still 
B  ;  and  the  equivalent  entry  witliout  contraction  being  still 

AV 

b^  we  Iiavc  the  velocity  at  llic  entrance  =  —. — ,  and   the 

pruducuig  head  of  water  =  -n — ^.     After  lliis  the  veloci- 

AV 

tj  is  chouged  to in  lliu  bucliou-pi(x.>,  with  which  the 


am^ 


700  PUMP. 

water  arrives  at  the  valve,  whera  it  is  again  dianged  to 

AV 

'  and  requires  for  this  change  a  head  of  wala-eqal 

A^V* 
to  -5 — ^.     But  the  velocity  retiuned  in  the  suctioD-pipeis 

A*V 

equivalent  to  the  effect  of  a  head  of  water  ^     ,,  Tbenv 

fore  the  head  necessary  for  producing   such  a  carrait 
through  the  fixed  valve,  that  the  water  may  follow  the  pit- 

A  V*       A*V*      A-\'' 
ton  with  the  velodty  V,  is  j^  +  .^— 5— ._,» 

V»  /A«      A«      An      „ .    .        .,!,,. 
=  g — l-T-H-    >*  ■  '~Tj'     T"**  IS  evidently  less  thin 

A* 
before,  because  a  is  less  than  A,  and  therefore  —7  is  greit- 

er  than  unity,  which  was  the  last  term  of  the  former  fomuk 
There  is  some  advantage,  therefore,  derived  from  making 
the  diameter  of  the  suction-pipe  less  than  that  of  the  work- 
ing-barrel :  but  this  is  only  because  the  passage  of  the 
fixed  valve  is  smaller,  and  the  inspection  of  the  formula 
plainly  points  out  that  the  area  of  the  suction-pipe  should 
be  equal  to  that  of  the  fixed  valve.  When  it  is  hu^r,  the 
water  must  be  accelerated  in  its  passage  through  the  valve; 
which  is  an  useless  expense  of  force,  because  this  velocity 
is  to  be  immediately  reduced  to  V  in  the  working-barrel 
If  the  foregoing  example  be  computed  with  a  equal  to  one- 
^fourth  of  A,  we  shall  find  the  head  H  equal  to  29  inches 
instead  of  37. 

But  this  advantage  of  a  smaller  suction-pipe  is  in  all 
cases  very  moderate ;  and  the  pump  is  always  inferior  to 
one  of  uniform  dimensions  throughout,  having  the  orifice 
at  the  fixed  valve  of  the  same  area.  And  if  tliese  orifices 
are  considerably  diminished  in  any  proportion,  the  head 
necessary  for  overcoming  the  obstacles,  so  that  the  required 
velocity  V  may  still  be  produced  in  the  working-barrel,  L^ 
^rreatly  increased.     If  we  suppose  the  area  a  one-ninth  of 
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A,  which  is  frequcotly  done  in  house-pumps,  where  the 
diameter  of  the  suction-pipe  docs  seldom  exceed  one-tlurd 
of  diat  of  the  working-barrel ;  and  suppose  every  ihing 
made  in  proportion  to  this,  which  is  also  usual,  because  the 
unskilled  punip-makcrs  study  a  symmetry  whicli  sailsiica 
the  eye  ;  we  shall  find  that  the  pump  taken  as  an  example 
will  require  a  head  of  water  =  13  feet  and  upwards.  Bo- 
sides,  it  must  be  observed,  lliat  the  irictiuu  of  the  suction- 
pipe  itself  has  not  been  taken  into  the  account.  This  alone 
is  greater,  in  most  cases,  than  all  the  obstructions  we  have 
been  speaking  of;  for  if  this  pipe  is  three  inches  diameter, 
and  Uiat  of  the  working-barrel  is  six,  which  is  reckoned  a 
liberal  allowance  for  a  suction-pipe,  and  if  the  fixed  valve 
is  25  feet  above  the  surface  of  the  pit-water,  the  friction 
of  this  pipe  will  amount  to  one-third  of  the  whole  propelling 
force. 

Thus  we  have  enabled  the  reader  to  ascertain  the  force 
necessary  for  producing  any  required  discharge  of  water 
from  a  pump  of  known  dimensions ;  and  the  converse  of 
this  determination  gives  us  the  discharge  which  will  be 

A"      A* 

produced  by  any  given  force.     For  making  -jj-  +  -3-  ^ 

A** 

-^,  (which  is  a  known  quantity  resulting  from  the  dimcn- 

aons  of  the  pump)  ^=-  M,  wc  have  H  =  n—  M,  and  V*= 


,andV 


V     M 


Now  H  is  that  part  of  die  natural 


M 

power  which  we  have  at  command,  which  exceeds  what  is 
necessary  for  merely  supporting  the  column  of  water.  Thus, 
if  we  have  a  pump  whose  piston  has  an  area  of  ith  of  a  square 
foot,  its  diameter  being  6J  inches ;  and  we  have  to  raise 
the  water  32  feet,  and  can  apply  a  power  oi52B  pounds  to 
the  piston  ;  we  wish  to  know  at  what  rate  the  piston  will 
be  moved,  and  the  quantity  of  water  discharged  ?  Mere- 
ly lo  support  the  column  of  water  of  this  height  and  dia- 
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meter,  requires  5<K)  pounds  Therefore  U»c 
power,  which  is  to  produce  the  motioo,  ts  25  pouxKh.  Thk 
is  the  weight  of  a  column  one  loot  four  iochcs  lagh,  and 
H  =  l,SS3  feet.    Let  us  suppose  the  diamefeer  of  the  ma^ 

A 

tion-pipc  }  of  that  of  the  worldng-barrel>  so  that  -^  = 

Wc  may  supposo  it  executed  in  the  best  manner,  htmog 
its  lower  extremity  trumpet-shaj^ed,  formed  by  the  rwoh^ 
lion  of  the  proper  throchoid.     The  oontractioa  at  the  oh 

try  may  therefore  be  considered  as  noticing,  and  -r-  =  1^ 

A" 

and  -T^  =  16,     Wc  may  also  suppose  the  orifice  of  die 

fixed  Yolve  equal  to  the  area  of  the  auction-pipc,  so  that 

-r^  IS  also  =  16,  oud  there  is  no  coatraction  here;  and 

A*  A* 

therefore  -5-  is   also  16.     And,  lastly,  — =-  ia  also  1 

A "  A**  A  ■* 

Therefore  ^  +  tL_fL.  or  M,  =  16  +  16  —  1ft 

6-        <r        a-  ' 

=  10.  We  have  also  2  g  =  G4.  Now  V  ^  ^^• 
^       /()*  X  1,333 


10 


2,309  feet,  and  the  piston 


move  with  the  velocity  of  two  feet  four  iDches  nearly.    fl 
velocity  will  be  less  tlian  this,  on  account  botli  of  the  (no- 
tion of  the  piftton  and  the  friction  of  the  water  tn  the  soc- 
tiun-pipc.     These  two  circumstances  will  probably  rodt 
it  to  one  foot  eight  inches  ;  and  it  con  hardly  be  less  tlanl 
tills. 

We  have  taken  no  notice  of  the  friction  of  the  water 
the  working-barrel,  or  in  the  space  above  the  piston,  b6^ 
cause  it  is  iii  all  cases  quite  in^gnificant.      Tliie  loogeflt' 
pipes  en^loyed  in  our  deep  mines  do  not  require  more  thai 
a  few  inches  of  head  to  overcome  it. 
*    Bui  there  is  another  circumstance  which  must  not  be 
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omitlcd.  This  is  the  resistance  given  to  the  piston  in  it» 
descent.  The  pistons  of  an  engine  for  drawing  water  from 
deep  mines  must  descend  again  by  their  own  weight  in  or- 
der to  repeat  their  stroke.  This  must  require  a  prepon- 
derance on  that  end  of  Uie  working-beam  to  wliich  they  arc 
attached^  and  this  must  be  overcame  by  the  moving  power 
during  the  efTective  stroke.  It  makes,  therefore,  ]>iirt  of 
tJie  whole  work  to  be  done,  and  must  bo  added  to  the 
weight  of  the  column  of  water  which  must  be  raised. 

This  is  very  easily  ascertained.  Let  die  velocity  of  the 
piston  in  its  descent  be  V,  the  area  of  the  pump-barrel  A, 
and  the  area  of  the  piston-valvc  //.  It  is  evident,  that  while 
the  piston  descends  with  the  velocity  V,  the  water  which  is 
displaced  by  the  piston  io  a  second  is  (A — a)  V.  This 
must  pass  through  the  hole  of  the  piston,  in  order  to  oc- 
cupy the  space  above,  which  is  left  by  the  piston.  If  there 
were  no  contraction,  the  water  would  go  through  with  the 


•elocily 


A— a 


V  ;   but  as  there  will  always  be  some  con- 


^■troctiou,  let  the  diminished  urea  of  the  hole  (to  be  dlscover- 
^Bed  hy  ex])erimcnt)  be  b;   the  velocity  therefore  wilt  be 

^ft  V  — ^— .     This   requires  fur   its   production  a  head   of 


water 


V»/A— a\ 
^g\     b    J. 
water  whose  base  ia  not  A  but  A- 


This  is  the  height  of  a  column   of 

Catling  the  density 
^kf  water  J,  we  have  for  the  weight  of  this  column,  and  the 

*  /^A    aV     V-    _  rfV- (A— o)V. 

force;?  w  d  X  A— a  x  V.~r  )      Tg' ^TJb' 

This  wc  Bee  again  is  pru|X)rtional  to  the  square  of  the  to- 
lueity  of  the  piston  in  its  descent,  and  has  no  relation  to 
he  height  to  which  the  water  is  raised. 
If  the  piston  has  a  button-valve,  its  surface  Is  at  least 
[ual  to  a;  and  tJierefore  tlie  pressure  is  exerted  un  the 
'nierby  the  whole  surface  of  tike  piston.     In  tliit*  cabc  we 
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J  V  '  A  ^ 
shall  havcp  =  -5 — tt^  considerably  grealcr  thoa  bribcv. 

We  cannot  ascertain  this  valuo  with  great  |>rect»Qd,  be- 
cause it  IS  extremely  diHicult,  ii*  i>oa^ble,  to  dctenniac  the 
reststioice  in  so  complicated  a  case.  But  the  formula  b 
exact,  if  b  c^n  be  given  exactly  ;  and  vrc  know  within 
moderate  limits  what  it  may  amount  to.  In  a  punipcf ' 
very  best  constniction,  wilh  a  btillon-valve,  h  cannot 

ceed  one-haif  of  A ;  and  therefore  -r-r  cannot  be  kn  tlita 

V'A^  V* 

8.      In  this  case,  "a~iT  ^^  ^  "a'     ^^  ■  B^*^  *^ 

engine  pump  V  is  about  three  feet  per  second,  and  -^  u 

»ut  Ik  feet,  which  is  but  a  small  matter. 

Wc  have  hitherto  been  considering  tiie  sucktng-puinp 
aiune :  but  the  forcing-pump  is  of  more  importance,  and 
apparently  more  difficult  of  investigation. — Here  we  hare 
to  overcmnc  the  obstructions  in  long  pipes,  with  maoj 
bends,  contraclioD8,  and  other  obstructions.  But  the  cwk 
sideration  of  what  relates  merely  to  tlie  pump  is  abuodant- 
ly  simple.  In  most  cases  we  have  only  to  force  ilie  water 
into  an  air-vessel,  in  opposition  to  the  elasticity  of  the  tti 
compressed  in  it,  and  to  send  it  thither  with  a  certain  vdo. 
oity,  regulated  by  the  quantity  of  water  discharged  in  a 
given  time.  The  elasticity  of  the  air  in  the  air-vtwel  pn>- 
pels  it  along  the  Main.  We  are  not  now  speaking  of 
force  necessary  for  counterbalancing  this  pressure  of 
mx  in  the  air-vessel,  which  is  equivalcfU  to  aU  the 
gueiU  obstructions,  but  only  of  the  force  necessary'  for  pro- 
pelling the  water  out  of  the  pump  with  the  proper  veloaly. 

We  have  in  a  manner  determined  this  already.  The 
piston  is  solid,  and  the  water  which  it  forces  kiu  to  pa» 
through  a  valve  in  tlie  lateral  pipe,  and  tlicn  to  move  in 
direction  of  the  Main.  The  cliangc  of  diredioM  reque 
an  addition  of  force  to  what  is  necebsary  for  merely  im^ 
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*ltittg  the  water  through  the  valve.  lu  quantity  is  aoC 
easily  determined  hy  any  theory,  and  it  varies  according  to 
the  abruptness  of  the  turn.  It  appears  from  experimenty 
that  when  a  pipe  is  bent  to  a  right  angle,  without  any  cur- 
vature or  rounding,  the  velucity  Is  diuiinisbed  about  -jV* 
This  would  augment  tlie  head  of  water  about  &.  Thia 
ciay  be  added  to  the  contraclion  of  the  valve-hole.  Let  c 
be  its  natural  area,  and  whatever  is  the  contraction  com- 
petent to  its  form  increase  it  1*1,  and  call  die  contracted  area 

V'A*. 

c.     Then    this    will    require   a  head   of   water  = « — y* 

V* 
This  must  be  added  to  the  head  s~j  necessary  for  merely 

giving  the  velocity  V  to  the  water.     Therefore  the  wliole 

V   /A^        \ 

is  5—  V  ~=  +  1  I ;  and   the   power  p   necessary  for   this 

purpo8e,8-^^^-p-  +  lJ- 

It  cannot  escape  the  observation  of  the  reader,  that  in  all 
these  formulic,  expressing  the  height  of  the  oolumn  of  wa- 
ter wliich  would  produce  the  velocity  V  in  the  working- 
barrel  of  the  pump,  the  quantity  which  multiplies  the  con- 

d  AV 
slant  factor—^ —    depends  on   tlie  contracted  passages 

which  are  in  different  parts  of  the  pump,  and  increases  in 
the  duplicate  proportion  of  the  sum  of  those  contractions. 
It  is  therefore  of  the  utmost  consequence  to  avoid  oil  such, 
and  to  make  the  Main  which  leads  from  tlie  forclng-punip 
equal  to  the  working-barrel.  If  it  be  only  of  half  the  dia- 
meter, it  has  but  oue-fourth  of  the  area,  the  velocity  in  the 
Main  is  four  times  greater  than  that  of  the  piston,  and  the 
force  necessary  for  discharging  the  same  quantity  of  water 
is  16  times  greater. 

It  is  not,  however,  possible  to  avoid  these  contractions 
nitogetlier,  without  making  the  main  pipe  wider  than  the 
barrel.     For  if  only  so  wide,  with  an  entry  of  die  same 
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ai«>,  the  valve  makes  a  oonsUlerable  obstniction*    Ui 

fui  engineers  endcuTour  to  obviate  this  by  imkiog  m 
largcmeni  in  that  part  of  the  Miun  which  cocitniu  tha 
valve.     This  ia  seen  in  Fig.  14.  at  the  valve  L.    If  llv 
be  not  done  with  great  judgment,  it  will  incroase  the ob^ 
istructions.     For  if  lliis  ealorgement  is  full  of  water, 
water  must  move  in  the  direction  of  its  axis  with  a 
nislied  velocity  ;  and  when  it  comes  into  the  maiii,  it 
ag:un  be  accelerated.     In  short,  any  abrupt 
which  is  to  be  afterwards  contracted,  does  as  much  harm  ss 
a  contraction,  unless  it  be  so  short  that  the  water  in 
axis  keeps  its  velocity  till  it  reaches  the  contraction.    Ni 
thing  would  do  more  service  to  an  artist,  who  is  not  well 
founded  in  the  theory  of  hydrodynamics,  than  to  maVei 
few  simple  and  cheap  experiments  with  a  vessel  like 
of  Fig.  37.     Let  the  horizontal  pipe  be  about  three  inci 
diameter,  and  made  in  joints  which  can  be  added  to 
other.     Let  the  joints  be  about  six  inclu^s  long,  and  ll 
holes  from  one-fourth  to  a  whole  inch  in  diameter.    Fi 
the  vessel  with  water,  and  observe  the  time  of  its  dni 
three  or  four  inches.     Each  joint  sliotild  luivc  a  small 
in  its  up{X'r  side  to  let  out  the  air ;  and  when  the 
runs  out  by  it,  let  it  be  stoppe<l  by  a  peg.   He  will  see 
the  krgcr  die  pipe  is  in  proportion  to  the  oriHcc-a  made  b 
the  partitions,  the  efflux  is  more  diminhlud,     Wc  hcXxi 
that  no  person  would  suspect  this  who  has  not  consi( 
the  subject  minutely. 

All  angular  enlargements,  all  boxes,  into  which  the  pi 
from  different  working-barrels,  unite  their  water  before  H 
goes  into  a  Main,  must  therefore  be  avoided  by  an  art 
who  would  execute  a  good  machine;  and  the  diffci 
contractions  which  are  unavoidable  at  the  seats  uf  valvi 
and  the  perforations  of  pistons,  Sec.  should  be  dinmiiski 
by  giving  the  ports  a  trumpel.shape. 

In  the  air-vessels  represented  in  Fig.  13.  this  is  of  tci 
great  consequence.     The  tliroat  O,  through  which  Ujc  wa- 
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tcr  IS  forced  by  the  expansion  of  the  confined  air,  ahould 
always  l>e  fortrutl  in  this  manner.  For  it  is  tliis  which 
produces  the  motion  during  the  returning  part  of  die  stroke 
in  the  pump  constructed  hke  Fig.  13.  No  1.  and  during 
the  whole  stroke  in  No  2.  Neglecting  this  seemingly 
tiifling  circumstance  will  diminisli  the  performance  at  least 
oDD-fi(Ui.  The  coDfitrucliun  of  No  1.  if  the  beat,  for  it  is 
ardly  possible  to  make  the  passage  of  Uie  other  so  free 
rom  tlie  effects  of  contraction.  The  motion  of  the  water 
during  the  returning  stroke  is  very  much  contorted. 

There  is  one  circumstance  that  we  have  not  taken  ony^ 
notice  of,  viz.  the  gradual  acceleration  of  the  motion  of 
er  in  pumps.  When  a  force  is  applied  to  Uie  piston, 
it  does  not  in  an  instant  communicate  all  the  velocity 
which  it  acquires.  It  acts  as  gravity  acts  on  heavy  boches; 
and  if  the  resistances  remained  tlic  .same,  it  would  produce, 
like  gravity,  an  uniformly  accelerated  motion.  But  we 
have  seen  that  tlic  resistances  (which  are  ntway^  measured 
by  tlie  force  which  just  overcomes  tlicm)  increase  as  the 
square  of  the  velocity  increases.  They  tlierefore  quickly 
balance  the  action  of  the  moving  power,  and  the  motiou 
becomes  uniform,  in  a  time  so  short  that  we  commit  no  er- 
ror of  any  consequence  by  supjK>sing  it  uniform  from  the 
beginning.  It  would  have  prodigiously  embarraMed  our 
investigations  to  have  introduced  this  circumstance ;  and 
it  ia  a  matter  of  mere  speculative  curiosity :  for  most  of 
our  moving  powers  are  unequal  in  their  exertions,  and 
these  exertions  arc  regulated  by  other  laws.  The  pressure 
on  a  pi»t{>n  moved  by  a  crank  is  as  variable  as  it*  velocity, 
and  in  most  eases  is  nearly  in  tlie  inverse  proportion  of  its 
vek)city,  as  any  mechanician  will  readily  discover.  Tlie 
only  case  in  which  wc  could  conader  this  matter  witli  nny 
degree  of  comprehensihility  is  that  of  a  steam-engine,  or  of 
a  piston  which  forces  by  means  of  a  weight  lying  on  it. 
In  both,  the  velocity  becomes  uniform  in  a  very  small  frac- 
tion of  a  second. 
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We  linve  been  very  tninule  on  this  «ub}tict;  (or  al- 
though it  i<4  tlie  only  view  of  a  pump  which  is  of  any  im- 
portance, it  is  hardly  ever  understood  evtn  by  profofiwl 
engineers.  And  ihiB  is  not  fx-culiar  to  hydraulics,  bat  is 
seen  in  all  the  branches  uf  practical  mechwrica.  The  efe> 
mcntary  knowledge  to  be  met  with  m  sufih  books  m  mt 
generally  perused  by  them,  goes  no  farther  than  to  stiAe 
the  forces  which  are  in  equilibrio  by  iJie  intervention  o^ a 
tnachine,  or  the  proportion  of  the  ports  of  a  mKhine 
which  will  set  two  known  forces  in  equilibrio.  fiul  whca 
this  equilibrium  is  destroyed  by  the  sr  >  .of  one  uf 

the  forces,  the  macliine  must  move ;  am  !y  interest- 

ing question  ib,  icJuU  will  be  tJie  motion  f  Till  this  b  an- 
swered with  soutc  precision,  we  have  learned  nothing  of 
any  i[U{K)rtance.  Few  engineers  are  able  to  answer  this 
question  even  in  the  simplest  cases  ;  and  they  cannot,  froin 
any  confident  science,  say  what  will  be  the  perfomumce  of 
an  untried  machine.  They  guess  at  it  with  a  sticoess  pnv 
portioned  to  the  multiplicity  of  tlieir  experietice  and  thm 
own  sagacity..  Yet  tliia  part  of  mccltamca  is  as  stisoeptiblc 
of  accurate  computation  as  the  coses  o^  equilibrium.  Wf 
therefore  thought  it  our  duty  to  point  out  the  manner  of 
proceeding  so  circumstantially,  Uiat  every  step  sliuuld  be- 
plain  and  easy,  and  that  conviction  should  always  accoow 
pany  our  progress.  This  we  think  it  lias  been  in  oar 
power  to  do,  by  the  very  simple  method  of  subsbtatiag  a 
ODJumn  of  water  acting  by  its  weight  in  lieu  of  any  oatuEsl 
power  which  we  may  chance  to  employ. 

To  such  as  wish  to  prosecute  the  study  of  lliis  niii«-'ii- 
ant  port  of  hydraulics  in  its  most  abstruse  parts,  we  recom- 
mend the  perusal  of  the  dissertations  of  Pitot  and  Bosaut, 
in  the  Memoirs  of  the  Academy  of  Pans;  aUn  the  disser- 
tatitms  of  thi.'  Chevalier  de  la  iWdo,  I76tj  ami  1707  ;  al^i 
the  Hydrauliqtie  of  the  Cheroher  dc  Bual. 
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